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4.1 MECHANICAL REQUIREMENTS 
SECTION IV 
MECHANICS 
The technical challenges in designing the mechanical portion of the BUV instru-
ment can be grouped into the following categories: 
1. Combine two separate units with their optical and electronic systems, 
monochromators, and photometer into one extremely compact assembly 
fitting into bay No.9 of the NIMBUS satellite. 
2. Provide high-accuracy repeatability and reliability in areas where 
optical components had to be located, held, and moved. 
3. Provide an essentially monometallic design to eliminate changes in 
the system due to thermal gradients. 
4. All moving components have to move with a minimum of applied force 
and at the same time stay in place after motion is performed. 
5. Thermally isolate the BUV Instrument from the NIMBUS ring. 
6. Interface with the NIMBUS satellite as shown in Figure 4-1. 
4.2 THERMAL ANALYSIS 
Beckman has reviewed all thermal analyses conducted during this program. Tests 
were performed to verify the thermal design integrity. The rp.sults of these 
studies and tests indicate that the thermal design philosophy as defined by 
Beckman has produced an acceptable environment for the BUV optics. 
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Figure 4-1. BUV-NIMBUS Interface 
Control Drawing 
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4.2.1 Thermal Environment 
The BUV must operate within the tolerance of the optical specification, while 
it is exposed to two thermal environments: the "Nimbus environment" as 
established by the sensory ring thermal control system and the "Test Environ-
ment". These environments can be briefly stated as the following: 
4.2.2 
Nimbus thermal environment 
Structure temperature 
Experiment to structure 
temperature differential 
Instantaneous structural 
temperature differential 
Day-Night. structural 
temperature differential 
5°e maximum 
lOoe maximum 
lOoe maximum 
Test thermal environment (Thermal-Vacuum test) 
Isothermal temperature changes from -5°e to +45°e while 
in an evacuated chamber at 10-5 mm Hg. 
Thermal Effects on the Optics 
The optical system of the BUV must measure backscattered radiation from the 
earth at various wavelengths within an allowable tolerance of ±.21. To main-
tain the optical alignment within the ±.21 tolerance, thermal expansions and 
gradients which could alter and shift optical surfaces had to be minimized and 
considered within the thermal design. 
4.2.2.1 Thermal Expansions 
The "Test Environment" subjected the BUV to isothermal temperature changes of 
50°C. Under that condition, all components of the BUV expanded and contracted 
4-3 
I 
I 
I 
I 
I 
I 
I 
I 
causing changes in the optical parameters. Expansion of the housing side 
walls increased the focal length of the monochromator; the radius of curvature 
of the spherical mirror increased as the mirrors expanded, etc. Within the 
temperature ranges of the "test environment", however, the only changes in 
physical dimensions caused by thermal expansions which affected performance 
were changes in the grating and the wavelength cam. 
The grating is attached to a cast magnesium mount and is tilted as the arm of 
the mount follows the contour of the wavelength cam. fncreas~s in the radius 
of the cam increase the tilt of the grating and shift the wavelength. The 
grating itself is effected by temperature since its groove spacing changes 
and produces wavelength error as the grating expands. Originally, the grating 
II was made from BSC-2 glass and the cam was 7075 aluminum. 
II The thermal expansion of the cam and the grating were considered individually. 
The following is a derivation of wavelength error at the exit slit of the 
II monochromator due to changes in the temperature of the grating. 
I 
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I 
dA. = aA. ~T 
where: dA. = change in wavelength (angstrom) 
a = coefficient of thermal expansion (l/oC) 
A. = wavelength (angstrom) 
~T = change in temperature (OC) 
For the maximum wavelength of 3400A and with the coefficient of expansion for 
BSC-2 glass which is 8.3 x 10-7 per degree centigrade, a temperature change of 
7°C will shift the wavelength the full 0.2A tolerance. Considering quartz, 
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which has a lower coefficient of expansion (a = 5.5 x lO-7/oe ), a temperature 
change of l07°e was required to shift the wavelength 0.2A for the same wave-
length. Obviously, changing the grating material to quartz was required to 
maintain calibration tolerance for the "Test Environment". 
The geometrical relationship of the grating mount, the wavelength cam and the 
housing had to be maintained during temperature changes. If the components 
were monometallic, their omni-directional expansion would always maintain the 
same geometrical relation. However, the original cam was aluminum while the 
housing and mount were magnesium. The lower coefficient of expansion of 
aluminum caused a change in the geometry which was proportional to the differ-
ence between the coefficient of expansions of aluminum and magnesium. 
On an average, an increase of 0.0002 inches on the radius of the cam shifts 
the wavelength 0.2A. Therefore, the maximum permissible temperature change 
was determined by considering a radius increase of 0.0002 inches. The 
II following equation was used: 
I 
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t1T = 
(amag 
{t1R} 
- aalum) Rmax 
where: t1T = temperature change (Oe) 
t1R = change in radius = 0.0002 inches (maximum) 
a mag = magnesium coefficient of thermal expansion = 25.2 x 1O- 6/ o e 
aalum = aluminum coefficient of thermal expansion = 22 x 1O- 6/ oe 
Rmax = maximum cam radius = 2.0685 inches 
substituting the numbers in the equation, a temperature change of 24°e pro-
duced the total 0.2A tolerance shift. Since the requirement was for a 50 0 e 
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temperature change, a closer match of expansion coefficients between the cam 
and its related components was required. A magnesium cam which was flame 
sprayed to provide a satisfactory wear surface was the final design solution. 
With the magnesium cam, the assembly was monometallic and temperature indepen-
dent. Therefore, since the magnesium cam was temperature independent, the 
quartz grating produced the total wavelength shift from temperature changes. 
Since it was demonstrated above that those shifts were acceptable, the BUV 
will function within tolerance during the "Test Environment". 
4.2.2.2 Thermal Gradients 
The "Nimbus Environment" subjects the BUV to various thermal gradients" The 
instantaneous structural temperature differential as well as the day-night 
temperature fluctuations produce temperature gradients within the BUV which 
could result in the tilting of the collimating mirrors. The allowable 
temperature gradient across the collimating mirrors was determined as follows: 
The exit slit of the BUV is 1.2 mm wide and provides for a lOA bandwidth. 
Therefore, the spectral dispersion at the exit slit is 10A/l.2 mm = 8.33A/mm. 
The tolerance on the wavelength at the exit slit is ±0.2A. The corresponding 
displacement for the tolerance is 0.2A/8.33A/mm = 0.024 mm. In other words, 
the wavelength can be shifted ±0.024 mm for the monochromator to remain within 
tolerance. 
In a computerized ray trace analYSiS, with all other optical surfaces fixed, 
the collimating mirrors were tilted at various angles and the displacement of 
the wavelength at the exit plane was computed. The results of this study are 
presented in Figure 4-2. For the 0.024 mm permissible shift, au angle of 
0.0031° resulted. This angle is equivalent to 54.1 x 10-6 radians. 
4-6 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Figure 4-2. Exit Slit Error From Collimating Mirror Tilt 
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The geometry of the monochromator is shown in Figure 4-3. 
I 
j 
,; 
~iog"N"~~kC.~ 
t, ~~WW? UII ZU<"t;::-.cnzzJ'!J.:;' 
Figure 4-3. Monochromator 
A temperature gradient ( ~ T) from one mirror supporting wall to the oth(;r 
would tilt the mirrors due to thermal expansions. The increase in wall Lf'ngtil 
is 
~i = a L L\T 
where a is the coefficient of expansion. For magnesium, a = 25.2 x 10- 6 
per degree centigrade. The angular tilt of the mirror resulting from the 
increase in wall length is 
tan f3 = ~i 
d 
But for small angles, tan f3 == f3 ,so 
f3 = ~ L 
d 
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With the permissible mirror tilt of 54.1 x 10-6 radians, the permissible 
length is: 
~i = f3d = 5.35" (54.1 x 10- 6) = .00029" 
Finally, the permissible temperature gradient is 
~T = nL = aL 
.00029 
25.2 (10- 6) (9.75) 
Since this gradient was far less than the possible 10 0 e spacecraft gradient, 
a thermal design was established to limit the BUV internal gradient to a 
value less than l°e. 
4.2.3 Power Dissipation 
In addition to the thermal environment, internal heat dissipation of the 
electronics was also considered in the BUV thermal design. Table 4-1 indicates 
the total power dissipated in the BUV and the heat transferred to the space-
craft. Figure 4-4 indicates the actual distribution of the heat within the 
instrument. 
4.2.4 Thermal Design 
To make the BUV optical requirements compatible with its thermal environment, 
the following method of passive thermal control was incorporated: 
• Super-insulate the BUV's exposed bottom and top surfaces. 
• Isolate the field defining cone and diffuser plate assembly from the 
BUV. 
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DISSIPATION TRANSFERRED 
IDCATION COMPONENT (MW) TO sIc (MW) NOTES 
--
Motor, Cam Drive 306 306 
Motor, Diffuser 1 1 
Motor, Monochromator 48 48 
Bay 119 ( I Conducted & Radiated Internal.to Motor, Photometer 49 49 to Bay #9 (1074 mw) BUV Sensor 
Photomul tip Hers· 512 512 . 
Encoder 155 155 
Lamp 3 3 
.po Bay 119 } Lower Sensor Electronics 564 0 Radiated to Space I ..... Electronics 0 Upper Sensor Electronics 694 694 Radiated to Inner Ring Attached to BUV Sensor Electrometers 1501 0 Radiated to Space 
TOTALS - SENSOR BAY (#9) =3900 1768 
Bay 118 I 3/0 3/0 Electronics Module =8100 Module 
TOTAL - BUV 12 watts ±.5 watts 
Table 4-1. Power Dissipation Average 
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Figure 4-4. BUV Sensor Module Power Dissipation Distribution Diagram 
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I • Isolate the electronics from the BUV, and radiate their power to 
I 
space or to the spacecraft. 
• Provide a high thermal resistance between the BUV and spacecraft . 
I This thermal design is represented in Figure 4-5 and indicated on the Beckman 
I Buv/lnterface drawing (Figure 4-1). 
4.2.4.1 Super-Insulation 
I The need for super-insulation (SI) was substantiated early in the program by 
I performing an energy balance on the BUV for two cases: one with SI and one without. When SI was not used, a painted surface with an emissivity of 0.85 
I and an absorbtivity of 0.3 was used. Both cases incorporated the other items 
mentioned above and also considered the internal heat dissipation. The peaks 
I of the absorbed energy flux were truncated for both the day and night values 
I to approximately account for the thermal capacitance of the BUV. Also, two conditions were considered for each case; the spacecraft at an isothermal 
I temperature of 25°C and the spacecraft with a standing thermal gradient across 
the BUV of 10°C (35°C - 25°C = 10°C gradient). The results of this study were 
I as follows: 
I Spacecraft BUV Mean Temperature Case Condition Day Night 
Super-Insulation Isothermal 25.5°C 25.5°C 
(SI) 10°C Gradient 30.5°C 30.5°C I 
No Insulation Isothermal 20°C l7.8°C 
lOoC Gradient 24°C 22°C I 
I 
I 
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Figure 4-5. BUV Sensor Module Passive Thermal Control System 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
The results can be briefly summarized by stating that the BUV did not vary in 
temperature from day to night with SI as it did without the insulation. Since 
thermal gradients within the BUV had to be minimized, SI provided the best 
design. 
Perhaps of more importance than the temperature variations was the heat trans-
fer required for equilibrium in each case. By investigating more fully the 
energy equation for the SI case, it was realized that the only energy flowing 
through the BUV is the internal dissipation and the radiation absorbed through 
the entrance slit. To achieve equilibrium without the SI, however, energy had 
to flow from the spacecraft through the BUV. About 9 and 14 watts were required 
during the day and the night, respectively,with an isothermal spacecraft. The 
transfer of heat of this magnitude through the BUV would have created excessive 
internal temperature gradients. 
4.2.4.2 Component Isolation 
Isolation of the electronics and the field defining cone diffuser plate 
assembly reduced the thermal input to the BUV and eliminated sources of 
thermal gradients. The electronics, if not isolated, would have transferred 
energy into the BUV housing and produced thermal gradients. The upper sensor 
electronics would have produced a gradient from one side relative to the other. 
This gradient would have tilted the collimating mirrors as described in 
Paragraph 4.2.2.2, so isolation was absolutely necessary. The field defining 
cones contain multi-reflecting grooves to restrict stray light. Because of 
the multi-reflections, the cones approach black-body cavities. To eliminate 
temperature and thermal energy fluctuations which would have been induced into 
the BUV by the black-body cavities, thermal isolation of the cones was desirable. 
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With the electronics thermally isolated from the BUV, it was necessary to 
radiate the power dissipation. The electronics below the spacecraft radiated 
to space and earth, while the electronics within the spacecraft radiated 
directly to the spacecraft. This placed the following requirements upon the 
BUV: 
• 
• 
Provide a high emissivity surface on the upper sensor electronics to 
optimize radiation with the spacecraft (Cat-A-Lac Black, € ~ 0.94). 
Provide high emissivity-low solar absorptivity surfaces on the lower 
sensor electronics and electrometer (PVlOO, € = 0.85 as = 0.3). 
The spacecraft also provided the following: 
• 
• 
• 
4.2.4.3 
A high emissivity surface on the inner bay wall (Glyceryl Phthalate, 
€ = 0.83). 
Radiation viewing ports for the electronics in the super-insulation. 
Elimination of the inner-bay-wall lightening holes to prohibit radia-
tion with the SIRS and IDCS. 
BUV/Spacecraft Thermal Interface 
The susceptibility of BUV to thermal gradients required that the BUV Instrument 
mounting and thermal control deviate from the standard Nimbus methods. The 
standard Nimbus thermal control system could have imposed a 10° Centigrade (C) 
gradient across the instrument. Less than a 1°C gradient was acceptable across 
the BUV to maintain wavelength calibration as shown in Paragraph 4.2.2.2. To 
limit the BUV gradient, a scheme of partial thermal isolation was required. 
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The scheme used is graphically shown in Figure 4-6. The thermal isolation was 
defined by solving for the magnitude of the interface resistances required to 
limit the temperature drop across BUV to lOCo 
r 
• Spac ecraft 
Th erma 1 BUV 
Gr adient Thermal 
10 °c Gradient ~oc E~T sIc) E~ lUV) 
i n 
- BUV 
.-
-
u 
Spacecraft 
Interface 
Thermal 
Resistance 
Internal 
(RBUV) > Thermal 
• Res is tance 
r 
L 
EoiF~fnterface Thermal 
?Resistance 
~JJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJJ.ppacecraft 
Figure 4-6. BUV Instrument Thermal Isolation Diagram 
For steady-state equilibrium, the heat transferred (q) through the BUV must be 
equal to the heat transferred (q) through the total network as written in the 
following two equations: 
q = q = 
~TTotal 
RTotal 
= 
Equating the two equations and solving for R yields: 
= 1/2 [lOOC RBUV ~TBrs 
This equation was solved to define the magnitude of interface resistance 
required to limit the temperature drop across the BUV. The internal resistance 
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of the BUV was determined to be 0.13°F HR/BTU. To restrict the gradient across 
BUV to the 1.18°e required for limitation of mirror tilt, an interface resis-
tance of 0.475°F HR/BTU was found to be required by solving the above equation. 
This interface resistance consists of parallel radiation and conduction resis-
tances and represents a minimum value required. Higher resistances, of course, 
would further limit the heat transferred through the network and further reduce 
the gradient across the BUV. 
The physical accomplishment of the needed thermal interface resistance imposed 
requirements on both the BUV and the spacecraft. The BUV requirements were 
the following: 
• 
• 
• 
• 
Reduce conduction contact area between the lower mounting flange and 
the spacecraft by using stainless steel washers. 
Reduce conduction contact with the spacecraft thermal control surface 
by using four small Textolite pads. 
Increase conduction resistance of the upper mounting bracket with the 
use of monel mesh and lightening holes in the magnesium brackets. 
Minimize radiation to the spacecraft by painting the BUV exterior 
walls with a low emissivity paint (D4D). 
The spacecraft requirements were the following: 
• 
• 
Minimize radiation with the optical portion o~ the sensor by finishing 
the bay walls, except the inner wall, with Alodine 600 (f = .15). 
Locally modify the spacecraft to accept the point loads produced by 
the Textolite pads. 
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• 
4.2.4 
Remove the holes in the thermal control surface and cover it with 
super-insulation to eliminate solar flux and space viewing. 
Thermal Analysis 
In addition to the first order analysis performed during the establishment of 
the thermal design, Beckman performed a multi-nodal computer thermal analysis 
on the BUV. This analysis considered the BUV as 276 discrete isothermal nodes 
which were inter-connected by 332 conduction, 73 joint, and 61 radiation 
resistances. 
Figures 4-7, 4-8, 4-9, and 4-10 show the mean temperature distribution (in 
degrees Rankine, R) in the housing, diffuser plates, field defining horn, and 
electronics. This temperature distribution was based upon the following 
assumptions: 
• 
• 
• 
• 
• 
Steady state solution 
10°C spacecraft gradient (546°R to 528°R) 
Average electronic power dissipation per Paragraph 4.2.3 
Averaged solar and albedo flux 
Thermal design as defined in Paragraph 4.2.4 
This temperature distribution was evaluated to determine the angular shift of 
the collimating mirrors and the resultant wavelength shift (Paragraph 4.2.2.2). 
The results indicate that a shift of 0.11 will occur. Since this was only 
one-half the allowable wavelength shift, the adequacy of the thermal design 
was verified. 
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Figure 4-7. Temperature Distribution (OR) BUV Housing (1 of 2) 
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Figure 4-8. Temperature Distribution (OR) BUV Housing (2 of 2) 
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Figure 4-10. Temperature Distribution (OR) Field Defining Horns and Diffusers 
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4.2.5 Testing 
During design verification testing of the BUV, the instrument was subjected to 
laboratory and thermal vacuum testing to verify the thermal design. During 
these conditions, the instrument maintained an acceptable temperature distri-
bution, and under no condition was a significant wavelength shift experienced 
due to thermal gradients. 
4.3 MATERIAL SELECTION 
Much attention was given to the selection of materials to conform to a proven 
and approved selection; the only serious problem encountered was with the 
choice of Bearing Lubricant (Paragraph 4.4.10). Solutions to material problems 
such as the hard facing of the wavelength cam are described in the individual 
paragraphs. 
4.4 MECHANISM DESCRIPTION AND ANALYSIS 
4.4.1 Housing 
The main Sensor Housing for the P103 and F104 instruments is cast out of E233 
Magnesium. Precise machining was required to accommodate the numerous 
intricate mechanisms and subassemblies. 
The choice of magnesium was made after extensive evaluation and comparison with 
aluminum. The weight saving, together with the damping quality of magnesium, 
prevented major problems with the mechanisms during vi~ration testing. An 
added advantage was the ability to apply a dark, almost black, finish to all 
magnesium components without the need for paint. The coating used is a Dow 
No. 9 anodize finish and has the advantage of not producing a significant 
buildup which could affect dimensional precision. 
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4.4.2 Stress Analysis 
A complete analysis of the most highly stressed areas in the BUV casting was 
performed. Conditions considered included static loads due to mounting 
clamps and dynamic loads due to g-levels reached during sinusoidal and random 
vibration. 
Beckman's design goal was to design the casting such that stresses would be 
below 10 percent of the actual yield strength of the casting material. This 
assured long-term stability of optical alignment by reducing the possibility 
of creepage. The analysis which follows shows that the most highly stressed 
areas are below 10 percent of the yield strength. 
4.4.2.1 Static Loading Analysis of Mounting Clamps 
The BUV Instrument is retained in the bay by eight No. 8 screws pre loaded to 
20 in.-lbs. A clamping force of 144 ±72 lbs is applied on each of four pads 
to hold the Instrument against the thermal control surface. This mounting 
arrangement is shown in Figure 4-11. 
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Figure 4-11. Mounting Arrangement Diagram 
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A. Bearing Load (Figure 4-12) 
F 
c 
Clamp 
Casting Wall 
Figure 4-12. Bearing Load Diagram 
F 
c 
A bearing load exists at the clamping pad due to the concentrated area of the 
clamp. The bearing stress due to this load is, therefore: 
~ .. F fA B c 
a: .. 
B 
216 lbs. 
2 O.l1lSin. 
O"'B = 1936 psi 
4-26 
F = 144 ±72 lbs. 
c 
A = Clamping Area 
= O.18in. x O.62in. 
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The bearing strength of EZ33A is: 
UBy(yield) = 40,000 psi (1) 
UBu(ultimate)= 57,000 psi 
/ It was previously decided by Beckman to maintain the BUV Instrument's stress 
level below one-tenth the materials yield strength. To maintain the stress 
below O.lU By requires that the stress level be below 4,000 psi. The factor of 
safety for this loading case is then: 
B. Housing Stresses 
4000 
1936 = 2.1 
The clamping force is distributed through the full length of the casting 
wall directly under the clamping area. The configuration for the casting wall 
directly under the clamps is not the same for the upper and lower mounting 
clamps. The cross-sectional loading area for each case is shown in Figure4-13. 
and 4-14. The loading case for the lower clamps is a column consisting of the 
0.62 (Clamping Area) 
f 
0.40 
0.25 Typ 
~f 
l 
Casting 
Stiffening Rib 
Figure 4-13.Column Area For Lower Clamps 
(1) Dow Chemical Corporation, Physical Properties of Magnesium Casting 
Alloys, Table II. 
I 
. , 
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casting wall and a stiffening rib. Interference with the optical path 
prevented the use of a stiffening rib at the upper clamps so the loading case 
is a column consisting of the casting wall which is built up in the area of 
the clamps. 
Clamping Area Casting Wall 
Figure 4-14. Column Area For Upper Clamps 
The compressive stress in the casting due to the lower clamps (Figure 4-13) is 
then: 
CTc 
F 
=-L = 
A 
216 in. 
= 1,123 psi (177in.)(0.25in.) 
The compressive s·tress in the casting due to the upper clamps (Figure 4-14) is: 
• 
216 lbs. 
2 o .1858in. 
CT - 1163 psi 
c 
The compressive stress of EZ33A is: 
14,000 pSi(2) 
A = (0.28)(0.62)+ 1/2(0.04)(0.62) 
A = 0.1858 in. 2 
(2) MIL Handbook _ SA Metallic Materials & Elements for Aerospace Vehicle 
Structures 
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The minimum factor of safety for this criteria is then: 
4.4.2.2 
F .S • = 
0.10'" 
cy 
0'" 
c 
= 
1400 psi 
1163· psi = 1.2 
Dynamic Load Analysis of Mounting Clamps 
The Instrument will be subjected to vibration under the following conditions: 
Thrust Transverse 
Sinusoidal Axis (g) Axis ~gl 
5 - 200cps 15 10 
100 - 2000cps 10 10 
Spectral 
Frequency Density 
Random ~cpsl g2/cps g - rms 
Thrust Axis 20 - 2000 0.2 20 
Transverse Axis 20 - 2000 0.2 20 
These acceleration levels will impose an additional load on the casting wall 
in the vicinity of the clamps. Neglecting the affect of the 8 mounting screws 
on the lower flange and assuming the loads are equally distributed among the 
clamps, the column force previously considered becomes: 
F 
c 
where 
= F + mgQ c N 
F = 
c 
clamping force = 216 lbs. (max) 
m .. mass of the casting 
g .. acceleration level 
Q = transmissibility factor 
N .. number of clamps = 4 
The transmissibility factor for random vibration is assumed to be 3, since 
for a Gaussian distribution the probability that the instantaneous acceleration 
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will exceed three times the rms acceleration is only about 0.003(3). A tr.lnS-
missibi1ity factor of 6 is assumed for sinusoidal vibration, since this was 
the maximum Q-factor obtained from the breadboard vibration test. 
F 
c = 
216 lbs + (3l.4lbs)(20g)(3) 
4 
F = 216 lbs + 472 lbs = 688 lbs. 
c 
From this it would appear that the g-force acting on the housing exceeds the 
preload force thereby increasing the compressive stress to: 
(T 
c 
= 
688 lbs. 
~~~JJ~~~~~ = (0.77in.)(0.25in.) 3,580 psi 
(T = 3,580 
c 
Although this loading case yields an acceptable level of stress from the stand-
paint of material strength it is overly conservative since no consideration 
was given to the frictional resistance of the bolts on the lower mounting 
flange which retain the BUV Instrument in the bay. oeferrin~ back to Figure 4-11, 
a preload force F is shown on each of eight bolts. A more detailed illustra-p 
tion of the mounting configuration is shown in Figure4-l5. 
where: T 
-
tightening Torque, in.-lb. 
(4) 
T K = torque coefficient F • 
P Kd 
= 0.22 for No.8 
D = major dia. of screw 
(3) Wirsching, P.H., Random Vibrations, Product Engineering, Vol.22, p.108,1964. 
(4) Shigley, J. E., Mechanical Engineering Design, p. 246 
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Nimbus 
No. 8 Screw Torqued 
to 18-20 in.-1bs. 
Ff 
Stainless 
_________ Steel 
Washer 
Figure 4-15. Mounting Configuration Diagram 
Including the frictional resistance of the mounting bolts, the force against 
the clamping area becomes: 
F 
c 
= F + ms9. - 8F 
c N f 
= ~p assume IJ. ... 0.1 
F 
c 
= 216 1bs. + 472 1bs. - 8(0.1)(544 1bs.) 
F 
c 
... 252 1bs. 
The increase in clamping force due to the g-force acting on the housing is only 
36 1bs and increases the stress level to: 
= c 
252 1bs. 
2 0.308in 
III 818 psi 
For this criteria the factor of safety becomes: 
0.1 1400 
F.S. = cy ... = 1.7 
0.308in. 2 818 
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4.4.2.3 Stress in Mounting Flange (Figure 4-16) 
A. Bending Stress 
The maximum clearance between the casting wall and the Nimbus bay mounting 
surface is:(5) 
S 
max 
:0 
6.042 - 5.992 
2 
0.050 
= z-
If the dimensions of the upper mounting bracket and the insulation separator 
are controlled, the maximum possible deflection will be 0.005 inch. 
If the upper end of the casting is permitted to deflect to S ,the maximum 
. max 
possible bending moment would be exerted on the lower mounting flange (Figure 
4-17). 
Figure 4-17. Lower Mounting 
8 _ .25(0.005) -5 
a - 11 = 11.4 x 10 in. 
Bending Stress: 
MC 
CTB =- I 
M = Bending moment, in-lb 
C =- Distance to extreme 
I = Moment of inertia of cross 
section 
2 (6) 
M1. 
=-2EI 
(5).Nimbus Handbook for Experimenters, Figure 13, 
(6) Timoshenko, Elements of Strength of Materials, P. 212. 
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Stainless 
Steel 
Washer 
0.025 
Nominal 
Clearance 
M.RuJJJJ~ 
0.25 
Max. ~~.MMR 
. Ep~.F 
6.042 
Nominal 
Insulating 
\ Separator 
5.996 
±O.OO4 
~f 
Figure 4-16. Configuration Mounting Diagram 
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M = 2EI aa /.2 
MC C rr =- = E2b~2aaF H 
rrB = 
Ci = B 
I I 
2E aaC 
£2 
2(6.5 x 106 pSi)(0.00008 in.)(0.125 in.) 
(0.25 in.) 
CiB = 229 1b/in2 
The factor of safety for this criteria (7) is: 
B. 
where: 
F.S. • 0.1 By = 0.1(40,000 psi) • 17.5 Ci B 229 
Shear Stress in Lower Mounting Flange. 
Cishear 
Ci shear 
F 
= -2A 
F = 31.4 1bm (60g) = 1883 1bs. 
2 
A = 0.25 in (8in.) = 2 in 
-
1883 1bf = 472 1b/in2 
2(2in2) 
Cishear = 472 psi 
F = External force from g-loading 
A = Area of one flange 
(7)Dow Chemical Corp., Properties of Magnesium Alloy Castings. 
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4.4.2.4 Stress in Bolts which Hold the Instrument in the Bay 
A. Loading Case 1. 
Bolts are preloaded and acted upon by external force due to g-load. 
Stainless Steel Washer 
Nimbus Bay Mount 
No.8 Cap Screw 
Torqued to 20 in-lb 
Figure 4-18. Stress on Attaching bolt 
1. Determine Resultant Load on Cap Screw 
Definition of terms: 
F = Resultant tensile load on cap screw 
Ft = Total external load on bolted assembly 
Fi = Initial preload on bolt due only to tightening 
Fb = Portion of Ft taken by bolt 
Fm = Portion of Ft taken by connected members 
k = Stiffness constant of each member 
k = 
AE F fa = j (Hookes Law) 
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2. Total External Load 
M = Hass of instrument 
g = Design acceleration under random vihration 
g = 3(20 g R.}1.S.) = 60 g 
Ft = (31.4 lb m.) (60 g) 
8 (scre\vs) 
Ft = 235 Ib f 
3. Initial Preload 
where: 
T = K Fi d (8) 
Fi = L Kd = 
20 in. 1bs. 
(0.22)(0.164 in.) 
Fi = 544 lb f 
K = Torque Coef. = 0.22 (No.8 screw) 
d = Major Diameter of screw 
T = Tightening torque 
As external load is applied, deformation of bolt increases while the deforma-
tion of members decreases. 
~8b = ~8m 
~8b = Fb/kb 
~8m = Fm/km 
8b = Deformation of bolt 
8m = Deformation of members 
(8) Shigley, Mech. Engr. Design, p. 246. 
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km = kw + kf 
Fm Fb 
km = kb 
(or) 
Fm 
kw + Kf = 
Fb 
kb 
where: kw = Stiffness constant of bolt 
Fb = kb Fm 
Kw + kF 
kf = Stiffness constant of washer 
Since Ft = Fb + Fm 
Fb = kb (Ft - Fb) 
kw + kf = 
Ft kb 
kw + kf + kb 
4. Resultant Load on Bolt 
(Screw) 
(Washer) 
F = Fb + Fi 
Ft Kb F = JJ.;WW....=..~WJ.JJ
kn + kf + kb 
AbEb 
kb =lb 
+ Fi 
kb = (0.0104 in
2) (30 x 106 psi) 
(0.29 in.) 
kb = 1.077 x 106 ~b 
ln 
A = Area of member in compression or tension 
E = Modulus of elasticity of screw 
1 = Height of member in compression or tension 
kw = Aw Ew 
n 
Aw = 0.1727 in2 
w = 0.030 
0.173 in 2 (30 x 106 kw = (0.030 in.) 
kw = 173 x 106 1b/in 
psq 
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(Flange) AfEf kf = f 
Af = Same area as washer 
Ef = 6.5 x 106 psi 
f = 0.25 in 
kf = ~M.NT2T in
22 {6.S x 106 Esil 
(0.25 in) 
kf = 4.48 x 106 psi 
(Screw) Ftkw 095.2 lbs2 {l.On) 
= = Fb kw + kf + kb (173 + 4.48 + 1.077) 
Fb = 1.177 lbs 
F = Fb + Fi (Resultant tens i Ie load on screw) 
F = 1.18 lb f + 544 lb f 
F = 545 1b f 
5. Conclusion 
The preload is the only significant tensile force acting on the screws for 
this loading case and is well below the allowable tensile strength for a 
No.8 cap screw (1120 lbs min.)(9). Safety factor = 1.97. 
B. Loading Case 2 
Bolts put in tension due to deflection of upper end of housing 
1. During vibration it is possible for the upper end of the housing to 
deflect 0.OQ5 maximum (Figure 4-19). This will cause a tensile force to act 
on the bolts in one of the flanges. 
(9)Military Standard MS 16995 
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Possible Deflection 
t---".L-- F 
M I 
.J I- 0,25 =£ 
F 
r 
Figure 4-19. Possible Deflection Due to Vibration 
The stress in the mounting flange was examined and the bending 
moment at the screw location was: 
If F = Tensile 
M = 4pi 
p M =-4[ 
I bh
3 
=-12 
M = 
2EIoa (10) 
j,2 
load on screw: 
(4 screws) 
= 
2EIoa 
4L 3 
= 
8(0.25)3 
12 
I 0.01041 in 3 = 
p = 2(6.5 x 106 pSi)(0.0104l in3)(0.00014 in) 
4(0.25 in)3 
p = 303 1bf 
(10) Timoshenko, Elements of Strength of Materials, p. 212 
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2. Conclusion 
The tensile load due to deflection of the upper end of the housing does not 
exceed the preload on the screws (544) so no additional load has been added to 
the screws. 
4.4.2.5 Vibration Analysis of Lower End of Casting 
The lower end of the casting contains the photomultiplier tubes, cam, and the 
cam bearing insert. The electrometers are attached to the end of the extension. 
Because the extension is essentially represented by a cantilevered beam loaded 
by these components, it is important that the approximate resonant frequency, 
deflection, and stress level induced in the casting be determined. 
Figure 4-20 illustrates the condition being considered, and Table 4-2 lists 
the major components loading the extension and their location from the mounting 
flange. 
Deflection 
Yl 
Y2 
Y3 
Y4 
Y5 
Weight 
ComEonent ~lbs·2 
Cam & Motor 0.55 
Photomultiplier, Tubes, Mnts, 2.75 
& Shields (2) 
Electrometer Extension 1.50 
Cam Bearing Insert 0.42 
Weight of Lower End of Casting 1.60 
Table 4-2. Major Components Loading the 
Lower End Casting Extension 
(11) The natural frequency is found by: 
(11) Freberg and Kemler, Elements of Mechanical Vibrations, p. 28. 
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Distance, Z 
{inches} 
2.74 
3.25 
7.62 
2.74 
Distributed 
'--------------------
.f:"-
I 
+'-
I-' 
y 
Z .... -----1 
1 2 •25 I 6.50 
\ 
" Electrometer 
"- Extension 
I.. Mounting Planes .1 
Figure 4-20. Lower End Casting Extension Diagram 
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fn = I Va: t cycles per second 2IT 
where g = Acceleration of gravity = 386 in. 
sec. 2 
.6st = Static deflection 
The lower end of the casting is basically a box configuration (Figure 4-21). 
Because of the large opening for the cam bearing insert, most of one wall of 
the box is removed. 
f 
T 
3.50 
3.00 
2.1 
Y 
t 
6.00 
Figure 4-21. Lower End Casting Cross-Sectional View 
The static deflection of the casting is determined by superimposing the 
solution for each loading condition. 
y = Yl + Y2 + Y3 + Y4 + Y5 
In general, I = 
where, I is about the bending neutral axis of casting crossection; 
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I is about centroid of element; 
band h are the dimensions of a rectangular area; 
A is the area; and 
d is the distance between the centroidal axis of the 
area and the centroidal axis of the casting. 
The centroidal axis of the casting for the minimum moment of inertia is: 
Y 
7.05 
3.38 
2.1 (centroid of casting section) 
The minimum moment of inertia is: 
I = 
I = 3.80 in.4 
The loading case for Yl' Y2' Y3' Y4 is shown in Figures 4-22 and 4-23. 
Figure 4-22. 
1 W 
Ymax = "6 EI 
Loading Condition For ~ND Y2' Y3' Y4 
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w == w l 
L 1 wl3 Ymax 8 EI Ly I- i 
Figure 4-23. Loading Condition for Y5 
Yl 
Y2 
1 ~.RRNS2 
= ti 10 6 psi) . 4) (6.5 x (3.80 l.n. 
-6 inches = 0.467 x 10 
1 ~2.TR Ibs2 
= 
'6 106 psi) . 4) (6.5 x (3.80 l.n. 
= 3.185 x 10-6 inches 
1 
3 
(1.50 Ibs) (6.5 in.2 3 
(6.5 x 106 psi) (3.80 in.4) 
1 (.42 Ibs2 
Y4 = 6 (6.5 x 106 psi) (3.80 in.4) 
= 0.357 x 10-6 inches 
1 (1.60 1bs2 (6.50 in.)3 
Y5 = 8 6.5 x 106 psi (3.80 in.4) 
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y = 
1 
2rr 
910 cps 
11.792 x 10- 6 inches 
386 in./sec 2 
-6 11.792 x 10 in. 
The bending stress in the casting is determined by: 
O'B = 
Mc where: M bending moment, in.-lb. = 
I 
C = distance to extreme 
W3 fiber, in. 
W2 I moment of inertia, in.4 
O'B = bending stress, psi 
Figure 4-24. Bending Stress Diagram 
M = (.55 Ibs. + .42 1bs.) (2.74 in.) + 2.75 Ibs. (3.25 in.) 
+ (1.50 Ibs) (6.50 in.) + 1/2 (1.6 1bs.) (3.25 in.) 
M = 23.9 in.-lbs. 
Assuming g = 20g for random vibration and a transmissibility of Q = 3, the 
bending stress becomes: 
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(j = 
(j 
~ 
I 
792 psi 
, I 
(23.9 in.-lb.) (20g) (3) (2.1 in.) 
3.80 in.4 
This case is overly pessimistic since the cam bearing insert is a structural 
member to some degree and would therefore increase the moment of inertia. 
This would cause the resonant frequency of the casting to increase. The 
bending stress for the "worse case" considered is 792 psi which is a low 
stress since the bending strength of EZ33A is 40,000 psi (yield), 57,000 psi 
EultimateF~ The factor of safety for this criteria is: 
F.S. = = 4,000 psi 
792 psi 
= 5.1 
The casting deflection under this g loading becomes 
y = gy 11. 79 x 10- 6 in. (60g) = .00071 in. 
A deflection of this magnitude and location will not effect optical 
alignment and will occur only during launch. 
1 Dow Chemical Company, Properties of Magnesium Alloy Castings. 
Bulletin 141-176. 
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4.4.3 Shutters 
The shutters consist of a fixed outer sleeve and a rotating inner sleeve with 
openings of slightly larger dimension than the theoretical light beam size and 
shape. The radial clearance between sleeves is 0.0015 in. The material used 
is Magnesium with a Dow No.9 anodic anodize coating. The outer sleeve is 
fitted precisely (0.0005 diametrical clearance) into bored cavities within the 
cast instrument housing. Closely identical shutters have been manufactured, 
installed, and tested for the Pl03 and Fl04 Instruments. A photo of the shutter 
is shown in Figure 4-25. The entrance shutter has four operating positions as 
shown in Figure 4-26. The exit shutter has two operating positions. The 
relationship between shutters is also shown. 
The operation of the unit by functional sequence is as follows: 
1. Monitor 
Entrance shutter open 
Exit shutter open 
2. Dark current 
Entrance shutter closed 
Exit shutter closed 
3. Photometric calibration 
Entrance shutter closed 
Exit shutter rotated to intermediate position permitting its built-in 
mirror to pick up energy from a Tritium UV emitting source and direc-
ting it into the Monochromator. The configuration of the rotating part 
of the shutter is such as to simultaneously block light from entering 
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Figure 4-25. Entrance Shutter Assembly 
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the entrance port and permit light to enter from the photometric 
calibration source. 
4. Wavelength calibration 
Entrance shutter closed 
Exit shutter open 
In this position, energy from the wavelength calibration lamp is introduced 
into the Monochromator. 
Both shutters are driven by the same motor (stepper motor) coupled to a Geneva 
Mechanism. The Geneva Mechanism consists of a common driver and two individual 
driven stars (Figures 4-27 and 4-28). 
One of the significant advantages of the rotary shutter is the ease with which 
extremely close matching diametrical tolerances can be maintained. This, in 
conjunction with a curved leak path and the black surface finish, cuts light 
leakage to a minimum. 
Housekeeping information concerning the shutter position is obtained by an 
encoder assembly consisting of reed switches actuated by a small magnet as 
part of a disk which is coupled to the driver of the Geneva Mechanism. 
Instrument logic dictates rotational direction of the stepper motor and stop 
positions of the driver. 
4.4.4 Geneva Mechanism 
The Geneva Mechanism (Figures 4-27 and 4-28) positions the entrance and exit 
shutters for the monochromator. A general discussion of the mechanism is 
followed by a detailed analysis of the forces and torques caused by the com-
bined effect of both dynamic and static loadings. 
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Figure 4-27. Geneva Mechanism (rear) 
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4.4.4.1 Mechanism Functional Description 
The basic advantage of the Geneva mechanism as a positioning device is that it 
permits a phasable method for independent positioning of the entrance and exit 
shutters. The inherent positioning and locking characteristics~ smoothness of 
operation at slow speeds, and simplicity in design made this mechanism parti-
cularly adaptable to the BUV Instrument. 
Special considerations were necessary to allow use of this mechanism in a 
space environment. Primary areas of concern were lubrication of bearings and 
elimination of metallic contact between all moving surfaces. The mechanism 
has only three moving parts: the drive wheel and two Geneva wheels (one for 
each shutter). A ball bearing was incorporated on the drive wheel to establish 
rolling rather than sliding contact between the drive pin and Geneva wheel 
indexing slot. The Geneva wheel itself consists of a sandwich construction of 
aluminum and duroid. Duroid is Teflon with a glass fiber and MOS z filler. 
This material provides a non-metallic surface having a low coefficient of 
friction and good wear characteristics for the motion of the drive pin when 
engaged in the Geneva wheel slot and on the detent surfaces. All ball bearings 
in the mechanism are lubricated with "Krytox" 240 AC (a fluorinated grease). 
All critical machining of the Geneva wheel and of the Geneva housing is 
performed on a J16 bore mill. 
These special considerations along with very close control over manufacturing 
of the mechanism have resulted in successful operation in both PI03 and F104 
Instruments. 
4-53 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
4.4.4.2 Geometry 
The basic geometry of the Geneva mechanism is shown in Figure 4-29. The drive 
wheel pin rolls in the slot to drive the wheel. At the instant contact is 
being made or broken the roller axis is perpendicular to the slot. For any 
position of the drive pin: 
~ = Sin-1 xr~ Sin" 1 
A diagram of the motion is shown in Figure 4-30. 
Nomenclature 
a = Center distance, in. 
r = Crank radius, center drive wheel to roller, 
p = Effective wheel radius, wheel axis to 
a = Crank position, deg. 
ao = Half indexing drive wheel angle, deg. 
~ = Wheel position, deg. 
roller 
in. 
axis, 
~ = Half angle between two adjacent wheel slots, deg. 
1"'0 
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Figure 4-29. Basic Geometry 
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= Drive wheel angular velocity, rad/sec 
W 
w Wheel angular velocity, rad/sec 
wR Roller angular velocity, rad/sec 
EW Wheel angular acceleration, rad/sec 2 
VS Relative velocity of roller along wheel slot, fps 
R = Roller radius, in. 
I = Total equivalent rotational inertia of mechanism being driven by the 
Geneva wheel, Ib m - in2 
Iw = Moment of inertia of wheel, Ib m - in2 
F = Roller contact force, Ib 
~ = Driving torque, Ib - in 
TB Rolling torque of ball bearings used in the mechanism 
4.4.4.3 Kinematics 
A. Angular Velocity of wwof the Wheel 
Angular velocity ww of the wheel is a function of angular position aof the 
roller drive pin, Figure 4-29. 
= 
p Jr2 + a2 - 2ra Cos a = a JI + pin~ 13 - 2 Sin 13 Cos ex o 0 = 
Then, 
Sin 130 Sin ex 
= (2) VI + Sin2 ~o - 2 Sin ~o Cos a 
Assuming drive wheel rotates with unit angular velocity 
by 
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(3) Sin ~o (Cos a - Sin ~oF 
1 + Sin2 ~o - 2 Sin ~o Cos a 
It is apparent that maximum angular velocity occurs at a = 0: 
(4) Sin ~o 
1 - Sin ~o 
B. Angular Acceleration of Wheel. tw 
Differentiating expression (3) leads to the angular acceleration of the Geneva 
wheel: 
(5) 
The third 
Sin ~o Cos 2 ~o Sin a 
2 
(1 + Sin2 ~o - 2 Sin 130 Cos a ) 
differential of expression (3) is 
~ ~o Cos 2 ~o [ 2 Sin ~o Cos a + (l+Sin ~oF Cos a - 4 (6) = -Sin 
- 2 Sin 130 Cos a)3 da3 (1 + Sin2 ~o 
Setting this expression equal to zero yield the wheel position at which 
d3f3 __ 
maximum acceleration occurs, ~ 0 or, 
da-' 
(7) 25 in ~o Cos 2 a + (1 + Sin2 (30) Cos a - 4 Sin 130 = 0 
Solving for a: 
(8) Cos a = 
Therefore: 
(9) a = 
max 
d2~ 
da2 
max 
1 + Sin2 13 
o ± _ 1(1 + Sin2 ~MF2H 2 VI 4 Sin ~o 4 Sin ~o 
f- (r + Sin ~ot Cos- 1 1 + Sin2 ~o + 4 Sin ~o 4 Sin 130 
Sin ~o Cos 2 130 Sin a max 
= - (1 Sin ~o Cos '" maxy + Sin2 j3 - 2 0 
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(10) p x n 
R 
p = Pulse rate of motor, 
pUlse/sec 
n = Step angle, deg/pulse 
R = Gear ratio 
= rr (50 pulses/sec) (90 deg/pu1se 
wd laO (93: 1) ---
Wd = .844 rad/sec 
Therefore, maximum velocity is: 
Wd Sin 130 
1 - Sin 130 
(.844 rad/sec) (Sin 50°) 
1 - Sin 50° 
= 2.76 rad/sec 
W - Id13) - 2.76 rad/sec (26.4 rpm) 
W max - \ dE max -
Maximum acceleration is:. 
Ref. (9) a 
max [
_ 1 + (.587) 
4(.766) + .582)2 + 2] 4(.766) + 
a 
max 
= Cos-1 .989 = .148 rad (8°30 1 ) 
d213 Ed2~y (:dQ2) .766 (.413) (.1478) (.844)2 
dt2 = dai/ max dt 2 = - r 1 + .587 - 2(.766) (.989)j2 
E - (d213\ = 6.13 rad/sec 2 
W max - dt 2/. 
. max 
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C. Roller Velocity 
The roller moves radially inward in the wheel slot during the first half of 
each cycle, and outward during the second half. For any position of the drive 
wheel, 
and WwP 
R 
Maximum roller velocity occurs at: 
E~Fmax = Sin 130 and p = a - rl 1 - Sin 130 
E~!Fmax (:) a - r l (2.76 rad/sec) (.293 in.) (wR)max = = R 
.094 in. 
= 8.62 rad/sec 
4.4.4.4 Kinetics 
A. Driving Torque 
The driving torque or total drive wheel shaft torque required to drive the 
mechanism is a function of the drive roller position. 
T = 
lTB = 
lTB = 
T = 
T 
E~ + I) E + lTB wmax 
T(drive wheel) + T (Geneva + T wheel) (shutter) 
.20 in.-ounces (measured) 
(9.45 x 10-3 Ib-in2 + 30.5 x 10-3 Ib-in2) (6.13 rad/sec 2) 
16 (32.2 1b/slug) 
+ (.20 ounce-inches) 
.68 ounce-inches 
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The output torque of the stepper mOfor is .09 in.-ounces when operating at 
50 pulses/sec. Available torque at the gearhead output shaft is: 
= (.09 in.-ounces) (93:1) = 8.37 ounce-in. 
The resulting safety factor is 
S.F. = 8.37 = 12.3 
.68 
The inertial capacity of the motor is .05 gm-cm2 when operating with the above 
torque load. Total inertial load consists of the shutter, Geneva wheel, and 
drive wheel. 
= ~ + I + ID = 1.68 x 10-3 slug-in. 2 
The inertial capacity of the motor is increased by the square of the gea= . 
ratio: 
.05 gm_cm2 = 1.707 x 10-5 slug~in.2 
It is evident that the inertial capacity of the motor exceeds the inertial 
load by nearly a factor of 90. 
S.F. = 
(1.707 x 10-5) (93:)2 
1.68 x 10-3 
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B. Roller Force 
The magnitude of the contact force between the roller and the Geneva slot is a 
function of wheel position and is maximum when T is maximum. This force is 
always perpendicular to the slot surface. 
T F P a = 1. 25 in. 
[r2 + a2 _ ]112 
r .957 in. 
p 2 ra Cos ex 
ex 8°30 I 
p [(.957 in.)2 + (1.25 in.)2 - 2(.957 in. ) (1.25 in.) 
p = .335 in. 
T 
.68 in.-ounces 
Fmax 
max 
= 
Pmax .335 in. 
Fmax = 2.03 ounces 
4.4.4.5 Tabulation of Results 
Angular Velocity of Drive Wheel = .84 rad/sec 
Angular Velocity of Geneva Wheel 2.76 rad/sec (max) 
Angular Velocity of Drive Roller Pin = 8.62 rad/sec (max) 
Angular Acceleration of Geneva Wheel = 6.13 rad/sec 2 (max) 
Driving Torque = .68 ounce-in. 
Roller Force 2.03 ounces 
4.4.4.6 Conclusions 
( .989) ] 1/2 
This analysis has shown that the operating loads, velocities and accelerations 
are very low and that the stepper motor has adequate power to drive the 
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mechanism J with reserve power capabilities of approximately a factor of 10. 
No mechanical problems inherent to the design have been observed on either the 
Pl03 or Fl04 Instrument Geneva mechanisms. 
4.4.4.7 References 
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4.4.5 Wavelength Cam and Cam Drive 
To maintain the monometallic concept of the instrument, the cam was fabricated 
of magnesium metal. A hard surface was needed on the surface of the cam which 
contacts the cam follower. This task was achieved by application of a tungsten-
carbide plasma spray of approximately 0.008" thickness which was then precision 
ground and lapped. During removal of about half of the hard coating, the 
radius of the cam with its twelve monitor and seven primary wavelength calibra-
tion steps was worked to within ±0.0001" of theoretical dimension. An 
auxiliary extension made out of Duroid was installed close to the high 
radius of the cam. '!his extension covered about 7° of the cam circumference, 
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and protruded 0.004" above the high step (3398A). During the launch mode, the 
extension is brought into position and lifts the wavelength arm just adjacent 
to the cam follower bearings. On the opposite end, the arm rests against a 
nylatron stop. This "caging" feature (Figure 4-31) effectively prevents 
contact between cam-follower bearings and cam periphery, preventing possible 
damage during launch. 
The cam is driven by a No. 10 tandem gearhead stepper-motor assembly. Coupling 
is achieved through an interfacing part made of Duroid. Because Duroid is an 
insulating material, heat flow from the driver to the cam is prevented. Also, 
poss,ible mating surface cold welding in the hard vacuum of space is prevented. 
The cam shaft extending on both sides of the cam rests in matched pairs of 
dual bearings. The dual bearings were chosen to equalize small bearing errors 
and thus increase the accuracy of the cam-wavelength arm-grating combination. 
Balancing of the cam, including auxiliary cam and encoder disk, was done 
statically to within better than 1/4 gram. Balancing was achieved to computed 
figures permitting maximum permissible removal of material on the cam disk. 
Residual unbalance was corrected by adding coin shaped disks of Kenametal on 
the "light" side. 
4.4.6 Wavelength Arm and Grating Mount Assembly 
One of the most critical subassemblies is the combined wavelength arm and 
grating support. The assembly was cast from magnesium and designed for 
minimum weight and maximum stability. To maintain the integrity of support 
and alignment, and because of critical space limitations, both gratings were 
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supported from the back and loaded from the front surface. To obtain accuracy 
in alignment of the gratings within the optical monochromator system, a fixture 
with the geometrical distribution represent~ng the cam and wavelength arm 
bearing support was built. Grating alignment then was accomplished to within 
~2° sec of arc with an autocollimator. The gratings are mounted on precision 
lapped fixed pads as an integral part of the grating mounts. 
The arm rests in class 7 ball bearings mounted directly into the supporting 
ends of the wavelength arm. The end of the arm contains the cam follower 
bearings consisting of a matched set of 3/8" diameter. class 7 bearings. The 
dual bearing set provided the following major features: 
• Equalization .of small inaccuracies inherent in the bearings and on 
the cam surface. 
• Distribution of bearing load onto the cam. 
As further explained in Paragraph 4.4.5, the bearings are ~ resting on the 
cam during vibration testing or at launch. This important feature prevents 
any damage that could affect the accuracy or performance of the grating-
wavelength arm and cam. 
To prevent damaging oscillation of the grating support with its extending arm 
during environmental testing and at launch, the subassembly was statically 
balanced to within petter than 1 gram. Balancing was achieved by the addition 
of small c' weights made out of Kennertium(l). 
(1) Trademark of Kennameta1, Inc. 
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4.4.7 Cam Encoder, Encoder Source, and Sensor Mount 
The cam encoder (Figures 4-32 and 4-33) provides positional information to 
the electronic subsystem to allow proper cam sequencing. Attached to a 
shoulder on the cam is a disk perforated by a series of holes which generate 
the code shown in Table 4-3. The hole pattern is monitored by five miniature 
sensors and sources recessed in small printed circuit boards. Initial 
adjustment (phasing) between cam and encoder is achieved by rotating the disk 
vs. cam within the allowance of the slotted disk mounting holes. After the 
final adjustment, the disk is permanently pinned in place. 
4.4.8 
4.4.8.1 
Mounting of Optical Components 
Collimating Mirrors 
The most critical optical component mounting task was accurately placing the 
two collimating mirrors at the upper end of the housing. Consistent with BUV 
design philosophy, optical system components are directly mounted to the 
supports. These supports or mounting surfaces, in turn, are machined to 
extremely close tolerance based on results of the computerized ray trace. 
In this particular case, the mounting surfaces had to match the concave 
spherical surface of the mirrors. Pre-machining was done on a jig-borer. 
Final touch-up was done with a lapping plate having a surface equivalent to 
the radius of the mirror. 
Clamping to the surface and securing of the mirrors was accomplished within 
extremely tight space limitations by the use of wave spring-straps to load the 
mirrors individually against the casting. A small tensile load was first 
applied to the straps as they were placed around the mirror back. The mirror 
cover was then placed over both mirrors and loaded and bolted in position. 
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I Wavelength Cam Code (Angstroms) A. 1 A. 2 A. 4 A. 8 A. 16 
I 1 3398 H H H H H 2 3312 X H H H H 
I 3 3175 H X H H H 4 3125 X X H H H 
5 3058 H H X H H 
I 6 3019 X H X H H 
7 2975 H X X H H 
I '8 2922 X X X H H 9 2876 H H H X H 
I 10 2830 X H H X H 11 2735 H X H X H 
I 12 2555 X X H X H 13 2522 X X H H X 
14 2527 H H X H X 
I 15 2532 X H X H X 
16 2537 H X X H X 
I 17 2542 X X X H X 18 2547 H H H X X 
I 19 2552 X H H X X 
20 Caged X X H 
I 
H = Hole, 0 V to Logic 
I X = No Hole, +4 V to Logic 
I 
I 
Table 4-3. Cam Disc Coding 
I 
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4.4.8.2 Mirror Mount Stress Analysis 
The instrument is subjected to random and sinusoidal vibration during launch. 
The design acceleration is: 
3 (20 g - rms) Random 60 g (1) 
The chances that the instantaneous acceleration will exceed three times the 
rms acceleration is only about 0.003.(2) 
A. Spring Design 
Consider the spring configuration shown in Figure 4-34 for loading the mirrors. 
\ 
"-
" 
P/2 
---, 
h 
/ 
I 
\ 
\ J / 
Figure 4-34. Spring Configuration 
1. GSFC SpeCification, An Environmental Spec. for Nimbus B Subsystems, p. 5. 
2. Product Engineering, June 22, 1964, p. 108. 
4-71 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Since the members under consideration may be treated as being very slcndt.,I:', 
it is only necessary to take into account the elastic strain enl'rgy callsed b) 
hending. The statement of Castigliano's principle in polar coordinatvs 
applicable to this case is: 
~If M ~ M 1 Y = ~ Rde (1) 
l'he bending moment in section ab and section bc is: 
Mab Mbc = M 
PR SINe = -
"2 (2) 
The total deflection is therefor: 
Y = LfM 'bMab R de 
EI ab ~ R de 
M = m~ SIN 1J/2 (4) 
p o~fke=W P2R Mab Mbc 0: M - 2' ( S I i\j 8/2 - $ I N e ) 
y _ L !IS~o 
- EI L 
3 ... SA 
y = P2R i (SIN/i/2 - SIN e )2 de EI ~ 
y P(RS/N .8/2) 3 (Maximum Deflection) 
6 EI 
(6 ) 
(3) 
(5) 
The purpose of the wave springs is to provide sufficient preload such that 
during vibration the mirrors will remain seated against the casting. 
1. Timoshenko, Elements of Strength of Materials, 4th edition, p. 247. 
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F mg 
F 0.3 Ibm) (60 g) " 78 lbf 
F 78 1bf 
where: F Max. \veight of mirror dyll"in~ vi~ll·ath"n. 
M Mass of mirror (1.3 lbm) 
g Design acceleration (60 g) 
The design preload must exceed 78 lbf 
F -= 78 lbf (1.5 S.L) ,117 lbf. 
The spring configuration st.,own in Figure 4-34 will yield five points of contact on 
the back of the mirror. 
p 117 lbf 2 (springs)5 =11.71bf 
p 11. 7 lbf. 
For the configuration shown in Figure 4-34 • 
R • 156 in. (Radius of curvature) 
h = 
E 
.187 in. (height) 
6 17 x 10 psi (Beryllium Copper) 
t = .0Ir in. (thickness) 
W .375 in. (width of spring) 
I 
.375 in.(.vl0 in)3 
12 
31.3 x 10- 9 in~ 
. -1 
~n 
(R - hi 2) 
R 
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c 66.5 
Deflection from equation (6) 
y 11.7 1bf (.156 in. Sin 66.5,)3 2 (17 x 10 6 psi) (3.13 x 10-8 in4 
y 
.011 in (Preload defection of wave spring) 
B. Stress Level in Wave Spring 
[he maximum bending moment is: 
H max 
PR 
2 Sin ,6';2 
HC H ()'= - I - Z 
3 PR 
wt2 
Z 
3(11.7 1bf)(.156 in)(.917) 
(.375in.)(.01O in.)2 
93,400 psi 
Yield strength of beryllium-copper (HT) is 150,000 psi. 1 This yields a safety 
factor of 1.6. 
C. Compressive Stress on Back Side of Mirror Due to Wave Spring 
Each convolution of the wave spring causes a line contact force to be exerted 
on the mirror. Although this force is directly over the mirror contact 
surface the stress level in the mirror should be examined. 
1. Metals Handbook, p. 1038. 
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\ 
This loading case is analogous to the case of a flat plate in line contact 
1 
\·.,ith a ,:ylinder as presented by Roark. 
Max Sc 
Sc 31.2 1b/1n 
.312 in .974 
10.4 x lOt) psi 
Sc 26,100 psi 
P P =;; 
11. 7 1b 
.375 in 
= 31.2 1b 
in 
r= poisson's ratio 
1( = .16 Fused quartz) 
N.~= .30 (Berylium-copper) 
E, = 10.4 x lOb psi 
£J. = 17 x 106 psi 
D = 2 R= .312 in 
Sc = Compressive stress 
D. Conclusion 
+ .910 
17 x 106 psi 
The compressive strength of fuxed quartz is greater than 160,000 psi. 2 
yields a minimum factor of safety of 6. 
1. Roark, Formulas for Stress and Strain, p. 320. 
2. General Electric Fused Quartz Catalog, p. 5. 
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E. Contact Stress (Compressive) of Mirror Surface in Contact with Housing 
The mirror is seated on two sides of the housing. These surfaces are lapped 
LO the spherical radius of the mirrors to provide a maximum area of uniform 
seating surface. 
A 2 (.20 in) (3.25 in~ 
F 117 lbf. 
~c 117 lbf 90 psi == 
1. 30 in2 
4.4.8.3 Grating Mount 
Installation of the gratings is similar to the collimating mirrors. The cover 
on the mirrors was changed to an open frame that permits access to the surface 
of the gratings. The opening of the frame was designed to provide proper 
masking of the optical image. Possible side motion or tilting of the grating 
is prevented by lateral stops as an integral part of the grating mount-
wavelength arm assembly. These stops are precision machined and lapped to 
align the ruling pattern of each grating in line with the rotating axis of 
the grating mount. 
4.4.8.4 Prisms 
The peculiar shapes of the prism and especially of the roof prism presented 
some mounting problems. No mounting surface contact with any of the inter-
nally reflecting surfaces could be tolerated. Permanent alignment had to be 
maintained under the rather severe requirements of env~ronmental testing. 
Mounting was against solid precision machined surfaces with loading across 
supporting areas. 
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4.4.8.5 Lenses 
Only t\vO lenses were part of the total optical system. The lens adjacent to 
the exit slit had a flat section on the periphery which excluded the use of a 
loading ring. Instead, a semicircular spring made out of Beryllium copper with 
individual fingers provided the necessary loading force. 
The lens in the photometer section is mounted in a conventional way with a 
threaded ring in its tubular mount. The same mount contains the 3800A inter-
ference filter. 
4.4.9 
4.4.9.1 
Diffuser Field-Defining Horn 
Assembly and Mechanism 
This assembly permits introduction of a diffuser plate in front of the entrance 
of the monochromator, and in front of the entrance to the photometer. In this 
position, diffused sunlight is reflected from the surface of the diffuser 
plates into both the monochromator and photometer, providing primary photo-
metric calibration; normal viewing to the earth is blocked at this time. 
During the monitor cycle for both the monochromator and photometer, the 
diffuser plates are stored out of the normal viewing path, and openings in 
the field-defining horns for the plates are closed. 
To reduce the size and weight of the plates and the related mechanism, it was 
necessary to move the components as close as possible to the entrance to take 
advantage of the converging beam. The shutter and diffuser plates were 
combined into one relatively small assembly and attached directly onto the 
field-defining horns. 
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The shutters are coupled to the drive motor by a gear segment cut on the 
periphery of the shutter side (Figure 4-1). This segment engages a gear 
mounted on the exit shaft of a No.8 motor-gearhead assembly attached to the 
main housing. 
The gear drive is completely exposed to space environments, i.e., vacuum, UV 
radiation, etc. To avoid lubrication problems, the gear is fabricated from 
Nylatron GS, a molybdenum disulphide-filled nylon. The shutter is cut from 
magnesium plate and coated with a Dow No.9 finish. This combination performed 
well under all environmental testing. 
The shutters with mounted diffuser plates are part of the light-baffling system 
at the entrance to both the monochromator and photometer (Figure 4-1), obviating 
further baffling inside the optical systems. The field-defining horns were 
cast out of a glass-filled epoxy formulation which permitted casting of 
extremely fine detail with the baffle edges maintained to a 0.002-inch radius. 
The high strength of the cast epoxy part also permitted it to be used as a 
structural part for the bearing support. This arrangement provided a compact 
design to fit into the extremely small space available. 
During vibration testing, the assembly reached primary and secondary resonant 
peaks due to the generally thin wall construction of the total assembly. 
Measured g-levels of up to 60 gls (lOX input) did not result in damage or 
affect subsequent performance. 
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4.4.9.2 Diffuser Drive 
A. Angular Veloc i5z 
First stage gearing, 24:1 
Second stage gearing, 7.72:1 
W = .424 radians/sec 
B. Rotational fnert~ 
b = 2.44 
Y 
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c. 
4.4.10 
I = 1T I> 4t1 fl + 3 I> a3 bt2 
3602 4 
I = (.067 1bm/in3)(3.21 in)4(.125 in)(55)2 
(360)2 
+ 3 (.067 1bm) (3.21 in)3(2.31 in)( .15 in) 
in3 
4 
I = .642 1bm - in2 
Ansular Momentum 
H = IW= (.642 1bm - in2)(.424 radian/sec 
H = .272 1bm - . 2 ~n = 5.87 X 10-5 ft - 1bf - sec 
sec 
~ = H (Photometer) + H (Monochromator) = 2H 
Ht = 2 (5.87 X 10- 5 ft - 1bf - sec) 
Ht = 11. 7 X 10-5 ft - 1bf - sec 
Bearinss and Bearing Lubrication 
A significant problem arose during preliminary thermal vacuum testing. The 
30 percent Krytox filled ball bearings of the motor gearhead assemblies failed 
at low temperatures due to thickening of the Krytox grease. At the same time, 
tests performed at NASA indicated that at vacuum levels encountered in space, 
enough volatile material from the bearing grease would be deposited on the 
optics to significantly deteriorate the optical system performance. 
The problems were solved by reworking or replacing all bearings so that they con-
tained only a grease-plated lubricant coating. The formulation for the grease 
plating solution consisted of 1 part of Kryt'ox dissolved in 10 parts of Freon 
11. After this treatment, no failures in low temperature vacuum were observed 
and no damage from outgassing was observed. 
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5.1 GENERAL 
SECTION V 
ELECTRONICS 
To accommodate the wide intensity variation in ultraviolet energy between 
night time and day time conditions, the BUV instrument provides a usable 
intensity ratio range of approximately 109 . To accomplish this, the signal 
processing electronics in the BUV uses a dc electrometer and pulse counting 
techniques for measurement of extreme by lowJfeve~ signals. 
The wide dynamic range is accommodated by a 2 level high voltage power supply, 
a 5-1/2 decade dc electrometer, and a pulse counting system. 
The power supply adjusts the PMT (photomultiplier tube) gain to a value chosen 
to ensure that the electrometer output remains on-scale for all values of 
expected optical inputs. 
The dc electrometer provides 3 automatically switched gain ranges, and incor-
porates an automatic reference adjust circuit for balancing out electrometer 
offset voltages. The electrometer output after further processing is sent to 
the logarithmic analog-to-digital converter. 
Since the spacecraft will periodically encounter high radiation levels, a 
pulse counting system has been incorporated. The phot~cathode signals 
produced by the desired input light incident on the photomultiplier are 
primarily single photoelectrons. Radiation induced signals are often charac-
terized by mUltiple photoelectron emissions, which may mask low-level light 
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measurements if only average current measurements are made. The BUV counts 
single photoelectron pulses at low light levels in the radiation environment 
by discriminating against multiple photoelectron pulses. Thus, spurious 
emissions such as those produced by charged particles incident on the photo-
multiplier tubes are identified. At higher light levels where pulse counting 
becomes inaccurate, current measurements are substituted for pulse rate 
measurements. 
The signal processing channel for the pulse counting mode consists of a wide 
band electrometer (common to both dc and pulse counting system), a pulse 
amplifier and shaper, two discriminators (upper level and lower level) and an 
anti-coincidence circuit. All of these circuits form a one channel pulse 
height selector of single photoelectron pulses. This is followed by a digital 
accumulator. 
The PMT is operated at two different sensitivities by adjusting the high 
voltage power supply to one of two discrete levels, either 2 x 10 6 (nominal) 
or 4 x 103 (M) and 50 (P). The high gain mode, during which pulse counting 
occurs, is the normal condition for night time operation; automatic reduction 
of the PMT gain occurs for high light levels. The low gain mode, during which 
automatic electrometer ranging occurs, is used for normal day time operation; 
an automatic increase in sensitivity to a higher PMT gain level will occur for 
low light levels. 
When operating in the low voltage mode, the electrometer is allowed to auto-
matically range switch to gains of 3 x 1010, 2 x 109, or 107 • The maximum 
PMT current is limited to 10-6 amperes, above which the high voltage is either 
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automatically commanded off or reduced. The high voltage supply is also 
internally current limited as a secondary protection against fast transient 
overloads on the PMT. Operating in conjunction with the signal processing 
chain are the four motor drive circuits, which position the monochromator and 
photometer shutters, the monochromator wavelength cam, and the diffuser plate 
mount during the data taking cycle. 
The various data taking and calibration operations are controlled by the BUV 
word generator and by the calibration sequencer. Operation of the calibration 
sequencer may be modified by ground command, when required. 
In addition to the 2-level high voltage supply, a separate supply periodically 
drives the wavelength calibration lamp, and two low voltage supplies (main 
instrument supply and housekeeping supply) interface directly with the space-
craft input power to operate the instrument. 
5.2 NIMBUS ELECTRICAL INTERFACE 
5.2.1 
• 
Inputs 
Major Frame Pulse (MFP), used to synchronize the BUV sequencer to 
the VIP sampling sequence 
• VIP A16, which drives the BUV word generator and controls the 
individual sample times 
• VIP B, used in conjunction with VIP A for sample time control and 
also counted down to generate the 50 Hz motor drive frequency 
• VIP C, which controls the serial shifting of the digital A output data 
• 10 KHz, used in the motor drive and switching circuits, and to syn-
chronize the two static inverters for avoiding beat frequency 
generation. 
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The BUV accepts the following eight commands: 
• 
• 
• 
• 
• 
Power On - Execution of this command applies power to the instrument 
experiment subsystem and initializes the BUV sequencer. The first 
major frame pulse received upon completion of this sequence initiates 
the normal experiment cycle. 
Power Off - Execution of this command removes all power from the 
experiment proper. Telemetry is still available following execution 
of this command, as the housekeeping voltage is not switched. 
Deploy Diffuser - Execution of this command causes the diffuser plate 
to be deployed. The BUV logic stores the command and, upon receipt 
of the next BUV sub frame pulse (these pulses occur every 32 seconds 
coincident with every other VIP major frame pulse), the programmer 
initiates a deploy diffuser operation, followed 64 seconds later with 
an automatic store diffuser operation. 
Store Diffuser - Execution of this command causes the diffuser to be 
placed in the stored position. This command is a back-up for the 
automatic store diffuser command and is normally not required. 
Inhibit Calibration - Execution of this command prevents any calibra-
tion sequences from occurring until receipt of the enable 
calibration command. While the instrument is operating in the 
inhibit calibration mode, normal experiment data replaces the 
calibration data. 
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• 
• 
• 
Enable Calibrate - Execution of this command removes the calibration 
inhibit and returns control of the calibration sequences to the 
internal programmer. Calibrations which would have occurred had the 
calibrate not been inhibited are lost and the next calibration to be 
performed is that which normally occurs in that time slot. 
Launch Mode - Execution of this command causes the wavelength cam to 
be placed in the caged position and causes the shutters to be placed 
in the dark current position after receipt of the next BUV major 
frame pulse. In addition, the high voltage is removed from both 
photomultiplier tubes. The instrument remains in this configuration 
until receipt of a normal mode command. 
Normal Mode - Execution of this command enables the automatic cam 
drive and reapplies high voltage to the photomultiplier tubes. The 
shutters remain in the dark current position until the end of the 
first electronics calibrate (MCSA) cycle which follows receipt of the 
normal mode command. Since restoration of normal cam drive signals 
may not occur at an MFP time, the cam may require two or three BUV 
frame times to re-synchronize with the internal programmer. 
5.2.2 Outputs 
The BUV has a total of 32 outputs: 
• 
• 
Digital A channel, sampled at a rate of 5 per second, which supplies 
the main experiment data output. 
19 digital B lines, each sampled 3 times every 16 seconds, made up of 
various status indicating signals. 
5-5 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
• 12 analog outputs, sampled once every 16 seconds . 
The 19 digital B signals are as follows: 
1. Photometer shutter in the data (monitor) position. 
2. Photometer shutter in the photometric calibrate position. 
3. Photometer shutter in the dark current position. 
4. Monochromator shutter in the data (monitor) position. 
5. Monochromator shutter in the photometric calibrate position. 
6. Monochromator shutter in the dark current position. 
7. Deploy diffuser command received. 
B. Store diffuser command received. 
9. Diffuser in the deployed position. 
10. Diffuser in the stored position. 
ll. Calibration enabled/disabled. 
12. BUV mode launch/normal. 
13. BUV power on/off. 
14. Electronic calibrate (MCSA). 
15. Photometric Calibrate (MCSB,C). 
16. Wavelength calibrate lamp on/off. 
17. Pre-wavelength calibrate yes/no. 
lB. MFP received (data cycle one or two). 
19. 10 kiloHertz received yes/no. 
The 12 analog signals are as follows: 
1. Housing absolute temperature 
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2. Housing temperature gradient 
3. Arm temperature gradient 
4. PM! absolute temperature 
5. Sensor electronics temperature--· 
6. Motor current limiter temperature 
7. Inverter No.1 temperature 
8. Inverter No. 2 temperature 
9. Monochromator high voltage monitor 
10. Photometer high voltage monitor 
11. Housekeeping reference voltage 
12. Plus 4 volts monitor. 
5.3 ELECTRONICS DESIGN DESCRIPTION 
The following discussions refer to major functional blocks, with individual 
schematics included for the important signal processing elements. For a 
detailed electronics analysis refer to Beckman document FM-2475-301, Instruction 
Manual for the BUV instrument, Vol. 1, previously submitted. The Manual 
contains the submodu1e schematics, the detailed theory of operation, and signal 
levels and waveforms of key signals within the instrument electronics. 
5.3.1 Electrometer 
The electrometer input stage is an insulated gate field effect transistor 
(IGFET) of the MOS type. Electrometer operation satisfies the two basic 
requirements: 
1. In the hybrid mode, single photoelectron charge pulses are amplified 
such that the pulses may be discriminated from amplifier noise. 
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2. In the range switched analog mode, the input stage leakage and 
equivalent offset drift are significantly below the desired current 
threshold for each particular range. 
During operations the electrometer is zero-corrected once each minor data frame 
(32 seconds) by a signal automatic reference adjust correction (ARAC). During 
this correction, the electrometer feedback is shorted out by a lK ohm resistor, 
and the automatic reference adjustment corrects for errors at the electrometer 
summing point due to input stage offset and offset drifts. A block diagram of 
the electrometer is shown in Figure 5-1. Also shown are the individual 
submodule schematics of the electrometer (Figure 5-2), the automatic reference 
adjust (Figure 5-3) and the ARS relays (Figure 5-4). 
5.3.2 Logarithmic Analog-to-Digital Converter 
The logarithmic height-to-time conversion operation (a linear input signal is 
compared with a precision exponential time base) produces a clock gate signal. 
The duration of the clock gate signal is proportional to the logarithm of the 
input signal. An 8 bit quantization of this gate results in a quantizing 
uncertainty of ±1.2 percent, with dynamic range of 316 to 1 (2.5 decades) and 
a maximum gate length of 1.02 milliseconds. 
5.3.2.1 Buffer Filter Amplifier (Figure 5-5) 
The gain of these two inverting amplifiers provides an impedance match between 
the output of the electrometer and the input of the signal comparator. The 
Buffer Filter Amplifier response is limited (approximately 10 Hz) to average 
the pulse component of the waveform presented at the electrometer output. The 
output signal ranges from zero to 31.6 volts depending upon the anode current 
of the photomultiplier tube. 
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5.3.2.2 Exponential Time Base Generator (Figure 5-6) 
This circuit provides the rising or positive exponential waveform used as the 
basis for comparing reference and signal voltages. During the conversion 
period, a 36 volt exponential waveform is generated with the actual conversion 
beginning when this waveform crosses the 100 millivolt level as detected by 
the 100 millivolt comparator. 
5.3.2.3 Precision Millivolt Source (Figure 5-7) 
The precision millivolt source provides a 93.5 millivolt output as the level 
at which the exponential waveform starts. The precision millivolt source also 
provides a 100 millivolt output to the 100 millivolt comparator, which is the 
point at which the conversion period begins. 
5.3.2.4 100 Millivolt Comparator and Signal Comparator (Figures 5-8 and 5-9) 
The 100 millivolt comparator senses the point in time at which the exponential 
waveform reaches 100 millivolts. At this time the comparator provides a 
positive-going signal to the pulse shaping logic. 
The signal comparator senses the point in time at which the exponential wave-
form equals the buffer output voltage, and provides a negative-going level to 
the pulse shaping logic. 
5.3.2.5 Pulse Shaping Logic 
The pulse shaping logic receives the signals from the 100 millivolt comparator 
and the signal comparator in addition to the 1.05 millisecond conversion gate. 
The output of the pulse shaping logic is a square pulse, the width of which is 
directly proportional to the natural logarithm of the electrometer output 
voltage. Figure 5-10 shows a typical waveform timing relationship. 
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5.3.2.6 Logarithmic ADC Output Logic (Figure 5-11) 
The logarithmic analog-to-digital data output accumulator consists of an 8 bit 
binary counter and a scaler to divide the four megahertz clock frequency by 
16. Two additional bits of electrometer range information are inserted at the 
output of the accumulator. After the conversion is completed, the accumulator 
counting gates are inhibited and the accumulated count transferred to an output 
shift register. The VIP C pulses can then cause the transfer of data into the 
VIP through the data output buffer at the appropriate time. The divide by 16 
scaler contributes a quantization uncertainty of 1/16 of a bit at the beginning 
of the conversion and a full bit uncertainty at the end of the conversion. 
Thus, the converted number could be 1-1/16 larger, or 17/32 bits on the average. 
A block diagram of the log ADC and the associated circuits is shown in cigur~ 
5-12. 
5.3.3 Pulse Counting 
Pulse counting operation occurs during the PMT high gain mode only and provides 
accurate performance for anode pulse count rate up to 1 megahertz per second. 
There are two identical pulse counting chains in the BUV, one for each channel. 
A block diagram is given in Figure 5-13. The amplification and shaping 
circuits (Figure 5-14) between the electrometer and the discriminators amplify 
the photoelectron pulses, preserving the shape and amplitude information to 
permit accurate discrimination against electrometer noise at the lower level 
and spurious pulses at the higher level. Discriminator levels are set at 150 
millivolts for the low level and 4.0 volts for the high level. The lower level, 
while sufficiently high to produce negligible noise counting rates, is also low 
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enough to pass a major portion of photoelectron pulses. The upper level 
similarly passes most single photoelectrons while excluding multiple photo-
electrons on the order of 10 or more. 
To make accurate counting rate measurements in systems with a dead time 
comparable to the average count rate period, the dead time must be accurately 
known and not vary as the function of pulse rate. The measured and true rates 
are related as follows: 
RT 
~ 
= 1 
- ~Ta 
where Rr = true rate, 
~ = measured rate, 
TD = dead time. 
The discriminator circuits are shown in Figure 5-15. They are designed to 
accurately fix the dead time at approximately 1 microsecond independent of 
counting rates. (Refer to detailed specification, Section II, Paragraph 2.3, 
for the actual measured TD of each channel.) 
High energy particle pulses are rejected by examining the output of the low 
level discriminator (Figure 5-16) within the period of the high level discrim-
ina tor (Figure 5-17). With an output from the low-level discriminator and 
none from the high-level discriminator, the input is assumed to be from a 
single photoelectron, and is sent on to the data accumulator register. If 
outputs exist Simultaneously from both discriminators, it is assumed that a 
high energy particle generated this pulse and the results are not passed to the 
data register, but instead accumulated in a separate high energy particle 
counting register. Figure 5-18 is a schematic of the anti-coincidence circuit. 
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5.3.4 Automatic Ranging 
The automatic range sequencer (ARS) uses relays to change the electrometer 
feedback network, preventing over-scale or under-scale operations. This 
circuit also provides status information to the sequencer and controls the 
photomultiplier tube gain by changing high voltage level. 
The ARS interfaces with the following circuits: 
o Electrometer 
o High voltage power supply 
o Sequencer. 
The functional relationship of these circuits to the ARS is shown in Figure 
5-19. 
The ARS consists of control logic, relay driver programming logic, and two 
identical logic modules for individual control of the photometer and mono-
chromator channels. These modules, with inputs from the programmer and the 
logarithmic ana1og-to-digita1 converter provide complete control of photo-
multiplier and electrometer gain plus protection for the photomultiplier tubes 
in the event of an overload condition (an anode current exceeding 1 micro-
ampere). 
The signal level from the electrometer falls within a range of zero to 31.6 
volts. Table 5-1 indicates the operating limits and constraints of the output 
voltage. 
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TABLE 5-1. ELECTROMETER RANGES AND SIGNAL LEVELS 
Range Signal Levels 
Rf = 107 OJ Cf = 10 pFj GPMT = 2 x 106 o to 10 V 
Rf = 107 OJ Cf = 10 pFj GPMT = 80 (p) 0.1 V to 10.0 V 1350 (M) 
Rf = 2 x 109 OJ Cf = 10 pFj GPMT = 80 (P) O. 1 V to 31. 6 V 1350 (M) 
Rf = 3 x 1010 OJ Cf = o pFj GPMT = 80 (P) 0.1 V to 31.6 V 1350 (M) 
NOTE: PMT Gains Nominal Only -- Refer to paragraph 2.2.3 for 
actual gains. 
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When the levels indicated in Table 5-1 are exceeded, the ARS reduces the overall 
gain of the signal channel. If the system is in the high gain or pulse counting 
mode, the ARS reduces the PMT high voltage ~henever the signal exceeds the 
specified level. When the photomultiplier gain is reduced, the electrometer 
gain is switched to the least sensitive level (RF = 107 ohms). The system is 
then allowed to uprange to obtain an on-scale reading from the analog-to-digital 
converter. 
Besides the normal electrometer signal ranges, an over-scale mode is incor-
porated. In the presence of a signal that causes the PMT anode current to 
exceed 1 ~aI the high voltage power supply is switched off. The high voltage 
power supply is then periodically re-energized. When the overload condition no 
longer exists, the ARS resumes the normal ranging sequence. 
5.3.5 High Voltage Power Supplies 
The BUV programmable high voltage power supplies are shown functionally in 
Figure 5-20, and schematically in Figure 5-21. There are two separate identical 
high voltage systems, one for each photomultiplier channel. The only common 
element is the precision regulator which supplies the reference voltage to both 
high voltage supplies. 
Each supply consists of a double differential comparator amplifier, a tuned 
Class C sinewave oscillator with current limiting, and a low ripple voltage 
quadrupler. 
The high voltage control switches driven by the ARS logic provide an interface 
between the 3/0 electronics module and the input resistors located in the 
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Sensor 3 electronics package. When the correct set of commands is received, 
a fixed voltage is placed on the input to the double differential stage, 
setting the level of the high voltage output. The "drop-dead" state occurs 
when both input signals are true, turning off the high voltage output. 
A high voltage monitor is provided which contains the circuitry required to 
convert the high voltage supply output to the range of 0 to -6.375 volts 
required for analog inputs to the VIP in the spacecraft. 
5.3.6 Data Handling 
Digital data handling involves the acquisition of bi-level data from the 
various sections of the BUV instrument, processing the data and delivering 
to the ND1BUS "D" spacecraft for relay to the ground. These data range from 
single status bits to the output pulses from the anti-coincident circuit and 
the monochromator high-level discriminator. They are presented to VIP by 
multiplexing seven individual data words with a ten bit length onto a single 
data line. These words are described in Figure 5-22. 
The three pulse outputs which must be handled by the data handling logic are 
outputs from the monochromator high-level discriminator and outputs from the 
photometer and monochromator anti-coincident circuits. The maximum pulse rate 
of these outputs is approximately 1 MHz, necessitating the use of a 21 bit 
accumulator with an overflow indicator bit. Since the output data word length 
cannot exceed ten bits, the pulse data are compressed into ten bit words when-
ever the most significant bit is in or is past the eleventh stage of the 21 
bit accumulator. Three indicators contained in word 2 and word 4 indicate 
compressed status. Two other bits in word 2 indicate when a counter overflow 
occurs in the monochromator or photometer pulse data accumulators. 
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Figure 5-22. Data Word Format 
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The accumulators are binary ripple counters. The outputs of these counters 
are parallel transferred to shift registers for compression and readout. The 
ripple counters are enabled for an accumulation period of 1.8 seconds, and at 
the end of this period the data are gated into the shift register. The data 
are then shifted out to the VIP as described earlier. 
The monochromator 21 bit shift register handles both the energetic particle 
(word 7) and the monochromator anti-coincidence pulse data (word 6). In 
addition, ten bits of status data are acquired by the shift register and 
transferred to the VIP in word 4. 
The photometer 21 bit shift register handles the photometer data (word 5); the 
8 bits of log ADC and 2 bits of electrometer range data from the monochromator 
and photometer channels (words 1 and 3); and ten bits of status data related 
to the experiment (word 2). 
A functional block diagram of the basic BUV instrument-to-VIP data flow is 
shown in Figure 5-23. 
5.3.7 Sequencer 
The output from the sequencer (word generator) controls the operation of the 
BUV instrument. These outputs are derived from the Al6 and MFP functions from 
the VIP. The word generator consists of a ripple counter using the Al6 pulse 
as the clock and a series of decoding gates to generate the seven output data 
words. A description of these words and their sequence is given in Figure 
5-22. 
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There are 192 BUV minor data frames in each BUV experiment cycle. Each BUV 
minor data frame is equal to two spacecraft major data frame sequences (16 
seconds each) and is synchronized by MFP at every other one. 
The 32 second BUV minor data frames consist of data samples in the fixed 
sequence shown in Figure 5-24, taken at 200 millisecond intervals as controlled 
by the A16 signal. The rotational speed of the cam that moves the wavelength 
grating into the correct position is slaved to the spacing of these samples and 
is established to allow the fixed sampling sequence to fit within each step, 
resulting in the unequal intervals shown in Figure 5-22. The 2.6 second steps 
are called A intervals and the 2.4 second steps are called B intervals. 
The seven data words in the BUV sampling sequence are as follows. Word 1, 
containing the photometer analog data, has 8 bits of binary coded data plus 
two bits of electrometer range information. Word 3 is identical to word 1 
except that it is reserved for monochromator data and electrometer range 
information. 
Words 2 and 4 contain operational status information on performance parameters 
within the BUV instrument that are necessary to determine if the instrument is 
operating properly, and to allow interpretation of the scientific data. Many 
of the data bits in these two words are redundantly transmitted as discrete 
bits over the digital B output lines. 
Words 5, 6, and 7 contain accumulated pulse data of two types: pulses produced 
by light incident on the photomultipliers, and by energetic particles striking 
the photomultipliers. These data are stored in overflow protected 21 bit 
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accumulators and are compressed for transmission to VIP, if the most significant 
bit in the register exceeds the 29 state. 
There are 12 wavelength steps in each 32 second scan after which the cam 
returns to the start position and repeats. 
The following is a detailed description of the information content of the 
seven words: 
Word 1 (Photometer Analog Data) - Four Digits - Xl, X2, X3, * X4 D 
Word 3 (Monochromator Analog Data) - Four Digits - Xl, X2, X3 * X4 D 
Xl X2 X3 - Will range from 0 to 255 maximum - 255 is meaningless, 
since it indicates the ADC is off-scale. 
Use Table to convert counts to PMT anode current, using 
column corresponding to X4, decoded range. If more reso-
lution is required, use the formula for IA given on page 5-43. 
X4 = Electrometer gain 
o = 3 x 1010 
1 = 0 (Normally cannot occur) 
2 = 2 x 109 
3 = 1 x 107 
5-42 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
on 107 
Gain 
Current Mu1 
ADC 
Counts 
10 
20 
;jU 
40 
50 
bO 
70 
80 
90 
100 
110 
120 
uu 
140 
150 
160 
17U 
180 
190 
200 
:,n0 
·220 
230 
240 
250 
tiplier~ 
TABLE 5-2. 
TYPICAL READINGS 
Anode Current 
R =lx107 FB RFB=2x109 ~o=PxNMNM 
.125 .062 .04 
.157 .MT_~ .lR~ 
.:l .1 .Ob5 
.25 .125 .082 
.31 .15 .103 
.39 .2 .13 
.49 .25 .16 
.62 .31 .203 
.78 .39 .255 
.97 .49 .32 
1.22 .61 .4 
1.52 • .78 .51 
l.~ .~b .b:l 
2.4 1.2 .8 
3.0 1.5 1.0 
3.75 1.9 1.26 
4.7 :l • .l/:S 1.8 
5.9 :l.9b 1.9 
7.4 3.7 2.5 
9.1 4.5 3.0 -
11.5 5.7 3.8 
14.4 7.2 4.8 
_18.0 9.0 S.~ 
22.5 11.2 7.5 
28.0 14.0 9.3 
x10-7 x10- 9 x10- 1O 
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f~ord 5 (Photo), Word (, (Hono), l~ord 7 (Energ.Part.) - 4 Digits - Xl' X2 , X3, \ 1, 
TABLE 5-3. 
PI'LSE COllNTS 
llNCOMPRESSED 
1st DiSH 2nd IHtl,i t 3rd Digit 4th Digit 
0 0 0 0 0 0 0 0 
1 256 .1 ~ 64 1 8 1 1 
2 IE 512 2 128 2 16 2 2 
3 768 3 192 3 24 3 3 
4 32 4 4 
5 = 40 5 5 
6 = 48 6 6 
7 = 56 7 = 7 
1)1 HIGH RATE CORRECTION: RT T lxlO-6 1-(\1 TDI D (Nominal) 
CONVERSION: Divide total reading by 1.8 to get liz, 
i.e. , Xl + X2 + X3 + X4 
1.8 
Pulse rate in liz. For 
CONPRESSED 
1st and 2nd Digits 3rd Digit 4th Digit 
02 16 0 64 0 0 
21 32 1 72 1 1 
30 64 2 80 2 2 
12 128 3 88 3 3 
23 256 4 96 4 = 4 
31 512 5 104 5 5 
32 1024 6 112 6 6 
13 2048 7 120 7 7 
03 = 4096 
01 8192 
00 16,384 
W5 (P) Compr. Tag - W2, 2nd Digit = 2 or 3 
W6 E~fF Compr. Tag - W4, 2nd Digit = ODD 
W7 (En)Compr. Tag - W4, 3rd Digit = 2 or 3 
- -
equiv. anode current at 
GPI'IT = 2xl06, multiply 
-13 by 3.2xl0 . 
CONVERSION: ~fultiply sum of 3rd & 4th digits by multiplier, 
Then divide by 1.8 to get Hz, 
i.e ., Xl X2 (DECODED) x(X3 + X4 ) . 
= Pulse rate in Hz. 1.8 
6 
For equivalent anode current at GPMT • 2 x 10 , 
multiply by 3.2 x 10- 13 • 
-
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TABLE 5-4. 
Word 2 - Four Digits - Xl' X2, X3, X4 C 
1st Digit 2nd Digit 3rd Digit 
Photometer Compressed (P) Diffuser 
High Voltage + OVFL (M) + OVFL (P) 
0·2 x 106 0 No OVFL (M) 1 • Diff. • No Compr. (P) 
2 102 10 • 1 .. 1 • OVFL (M) 2 • Diff. 
No Compr. (P) 
No OVFL (M) 3 .. Diff. 2 • (P) 3 .. OFF Compr. Data 5 • Diff. 
3 OVFL (M) 
- (P) 6 .- Diff. Compr. Data 
7 .. Diff. 
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STATUS 
4th Digit 
Mode 
Dep1. o - Data 
No 
Retr. Photo . 1 • MCSA 
Ctr. in Motion OVFL 2 • MCSB,C 
Dep1. Photo. 3 • MCSD 
Ctr. Retr. OVFL. 4 - MDSE 
in Motion 
-------------------
V1 
I 
.J:'" 
0\ 
TABLE 5-5. 
Word 4 - Five Digits - X1,X2,X3,X4,X5 A 
STATUS 
1st & 2nd Digits 3rd Digit 
M.onochromator Energetic Part. and 
High Voltage Cam Motion 
+ Compressed 
6 o 0 = 2x10 and not compr. o = Not compr. and stopped 
6 P 1 = 2x10 and compr. 1 = Not compr. and moving 
2 o 2 • 10 and not compr. 2 = Compr. and stopped 
2 ~ 3 = 10 and compr. 3 = Compr. and moving 
~ 2 = OFF and not compr. 
~ 3 = OFF and compr. 
CAM IN MOTION TAG: 
W4, 3rd DIGIT - ODD 
4th and 5th Digits 
Cam Position 
00 - 3398 10 - 2735 
01 - 3312 11 - 2555 
02 - 3175 15 -'CAGED 
03 - 3125 19 - 2522 
04 - 3058 20 - 2527 
05 - 3019 21 - 2532 
06 - 2975 22 - 2537 
07 - 2922 23 - 2542 
08 - 2876 24 - 2547 
09 - 2830 25 - 2552 
(SEE NOTE BELOW) 
NOTE: Any additional numbers 
up to 31 indicate cam 
was in motion when read. 
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5.3.8 Command Relays 
The command relays provide isolation between the VIP command matrix and the 
instrument. There are five command relays, three magnetically latching relays 
and two nonlatching relays. The twononlatching relays are the deploy diffuser 
and store diffuser relays. The reception of these two commands is stored 
within the instrument following actuation of the relay. 
The latching relays store the launch/normal mode commands, the inhibit/enable 
calibrate commands, and the instrument power on/off commands. 
5.3.9 Low Voltage Power Supplies 
There are two electrically isolated low voltage power supplies in the instru-
ment; one supplies housekeeping and motor current limiter voltages and the 
other supplies the remainder of the instrument low voltage operating power. 
Each of these supplies consists of a two-core static inverter operating in a 
driven mode at a frequency of 10 KHz. The inverters normally are synchronized 
to 10 KHz, but can run free at a lower frequency (dependent upon the input 
voltage) if synchronization is lost. Each inverter will sync and phase lock 
exactly at 10 KHz and a known phase rela:ion when the spacecraft supplies the 
10 KHz signal. 
The housekeeping static inverter supplies power to the cam motor drive limiter, 
shutter, and diffuser motor drive limiters. The static inverter also furnishes 
\ 
voltage 'to the housekeeping precision regulator and synchronizing drive signals 
to the static inverter number 2, the main power converter unit (PCU). 
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The -24.5 volt input spacecraft power is supplied from a non-switched source 
through input filters to a current limiter and voltage limiter. The house-
keeping inverter runs at a frequency above that of static inverter No.2 so 
that in the event of failure of the 10- KHz sync input, inverter No.2 can still 
be driven by inverter No.1. Synchronous operation of these inverters is 
desired to prevent difference frequency beating which would generate especially 
undesirable system noise. The free running inverter frequencies are directly 
dependent upon input voltage and since the noise generated would be a function 
of input voltage, filtering would be extremely difficult. The current limiter 
is designed to prevent destruction of the power supply due to long term over-
load or due to slowly increasing overloads with time constants greater than 
200 milliseconds. 
5.3.10 Motor Drives 
Four identical circuits are used to provide power for the stepper motors. 
These motors position the wavelength cam, the monochromator and photometer 
shutters, and the diffuser plate. Working in conjunction with the cam control 
are five cam encoders for position sensing. 
5.3.10.1 Cam Drive 
Each phase of the cam-motor is individually controlled by separate driver 
circuits. To provide the required isolation between the logic reference and 
the motor power lines, a carrier system is used. When any of the drive 
signals go "true", one of a series of transformer drivers is switched on and 
s~turated. This allows 10 KHz pulses to be placed across the transformer 
primary. Rectification in the secondary turns on the motor drivers for that 
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phase until the termination of the 50 Hz input. Each phase is activated in 
turn, resulting in the motor stepping from one position to the next. 
The shaft encoder lamps are energized during cam motion. The shaft encoder 
contains a hole pattern which allows light to fallon photo sensitive diodes 
in a fixed sequence. This sequence is directly related to grating position, 
hence the wavelength of the energy that is passed to the monochromator photo-
multiplier tube. The photo sensitive diode outputs are amplified and applied to 
gates in the cam motor drive module, causing the cam to be positioned in 
accordance with the encoder disc hole pattern. In addition, the position of 
the shaft encoder is contained in the last five bits of the monochromator 
status word, word 4, which is multiplexed on to the VIP digital output line. 
5.3.10.2 Shutter Drives 
The monochromator and photometer shutter drive control logic positions the 
shutters to one of three positions (photometer) or one of four positions 
(monochromator) in response to the sequencer state for calibration cycles. 
Shutter position is sensed by ma~netically actuated reed switches, which then 
control the duration of the drive signal to the individual motors. The isola-
ted motor drive operation is as described for the cam motor drive. 
5.3.10.3 Diffuser Drive 
The diffuser motor drive circuitry is used to move a diffuser plate into and 
out of the path of the backscattered energy to provide.a diffused solar or 
lunar energy to both photomultipliers. The diffuser mode can only be activated 
by ground command and is normally deactivated by a built-in timing mechanism 
backed up by a ground command. The diffuser position is also sensed by 
magnetically actuated reed switches. 
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5.4 
5.4.1 
PHOTOMULTIPLIER RESULTS 
Shields 
The final PMT shield configuration is shown in Figure 5-25. The tube itself, 
with the first nine dynode resistors,is potted within a fiberglass sleeve. The 
potting material is Sylgard No. 185, with 10 percent eccospheres. At the base 
of the tube a three-segment copper cup holds various electronic components used 
to interface with the high voltage supply. Around the copper cup and most of 
the fiberglass shell is wrapped an electrostatic shield of .004 thick copper, 
which is then soldered to the cup at several points. This is followed by two 
layers of mylar insulation. 
Next comes a magnetic shield composed of two wraps of 0.004 thickness Co-netic, 
followed by two more layers of mylar. The entire assembly is then inserted in 
an aluminum tube, as shown. The tube is slipped into a radiation shield, 
rigidly mounted to the casting by plastic clamps. The radiation shield is 
made from a sandwich of aluminum and tungsten alloy, selected to minimize 
orbital radiation effects on the photocathode. 
Previous experiments have established that PMT's operated with a negative high 
potential on the photocathode are adversely affected by external surfaces at 
low potential near the photocathode. This is avoided in the 541N-05M-14-M9 
tube by incorporating a 0.003 copper shield within the fiberglass sleeve. 
This shield extends 0.5 inch ahead of the cathode and 0.9 inch behind; it is 
internally connected to the photocathode. The remainder of the tube, after a 
1 inch gap, is then covered by the external copper shield, as mentioned. The 
external shield is connected to a "quiet" ground within the electronics package. 
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In addition, a copper contact strip under the mounting strap (mylar-isolated 
from the strap) is connected to the grounded copper shield. This serves to 
ground the outer aluminum sleeve and the radiation shield, which it contacts 
via a sliding fit as the photomultiplier assembly is inserted in the casting. 
Thus, no metallic portion of the assembly is allowed to contact the casting 
directly; controlled grounding is accomplished to a single selected ground 
point, as explained. 
Figure 5-26 shows the arrangement of components and wiring within the base-
mounted cup. After initial tests, this area is potted using a formulation of 
Solithane 113 with an opaque dye added. The potting is extended back past the 
top central portion of the cup to serve as a wire retention device for the PMT 
leads connecting to the electrometer, dynode buffers, and high voltage power 
supply. Component designations are referred to Figure 5-27. 
5.4.2 Testing Methods 
Before shipment, the PMT's were tested by the manufacturer (Electro Mechanical 
Research) as follows: 
1. Device connected as a diode; 41001 light adjusted for diode current 
of 10- 11 amperes. 
2. Device connected as photomultiplier tube. Light level same as in 
Step 1. Voltage adjusted for anode current of 10-7 amperes. This is 
the voltage for 104 gain. 
3. Voltage same as in Step 2. Light reduced until anode current is 10-8 
amperes. Voltage then adjusted for anode current of 10-7 amperes. 
This is the voltage for 105 gain. 
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4. This procedure is repeated: light level decreased so that anode 
current is reduced by a factor of ten, then applied voltage increased 
to re-establish 10- 7 amperes anode current, until 3600 volts is 
reached. 
As a cross check, the photomultiplier tubes for the prototype and flight model 
BUV's were tested in the following sequence: 
1. Measure the gain and dark current of the tube as it is received from 
the manufacturer. 
2. Wrap a temporary set of shields on the tube and measure the gain and 
dark current again to evaluate the effects of the shields. 
3. Prepare the base for the tube for the potting operation. This 
includes the installation of a zener diode voltage regulator on the 
14th dynode. Then measure the gain and dark current with no shields. 
4. Wrap the final shield configuration on the tube and recheck the gain 
and dark current. 
5. Remove the shields and pot the base of the tube. 
6. Recheck the dark current with the base potted and no shields. 
7. Wrap the final set of shields on the tube and check the dark current. 
The direct gain measurements were made using chopped monochromatic light from 
a Beckman DU monochromator. The wavelength was 4l00A. The chopped light was 
diffused and applied to the PMT as an input signal. The output of the PMT was 
detected using a Princeton Applied Research "Lock-in Amplifier" which was 
synchronized to the light chopper. A test connection block diagram is shown 
in Figure 5-28. 
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The test procedure is as follows: 
1. Connect the tube as a diode. Apply -100 V dc to the cathode. 
2. Set the slits of the DU so the diode current is in the order of 
1 x 10-11A. 
3. Record the slit width and the PAR amplifier reading with the tube 
connected as a diode. 
4. Turn off the high voltage and connect the RIC bridge to the PAR 
amplifier signal input. Measure the capacity across the input. 
5. Connect the tube as a PMT. 
. 6. Measure the capacity across the PAR amplifier input. Add sufficient 
capacity so that the total is within 50 pf of the capacity measured 
as a diode. 
7. Use the same slit-width as that used in the diode measurement. Set 
The PMT dynode voltage to 500 V and read the PAR amplifier output. 
8. Increase the dynode voltage in 100 V steps to 1000 V and in 200 V 
steps above 1000 V. Read the PAR amplifier at each step and record 
the readings. 
9. As the anode current approaches 1 ~I as calculated from the PAR 
input voltage across the input impedance, reduce the slit width so 
that the PAR amplifier output drops by a factor of 10 and continue 
to take readings. 
10. Allow the tube to stabilize in the dark for about 12 hours and 
record the dark current at a nominal gain of 1 x 106 and 2 x 106 . 
Use the Keithley 610A electrometer to measure dark current. 
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Direct gain measurements made by this method were repeatable to within 10 
percent. The gain curves agreed closely with the curves made by the PMT 
manufacturer for three of the four tubes tested. 
5.5 RECOVERY TIME MEASUREMENTS 
During system acceptance testing, the photomultiplier tubes' time-response 
was measured by comparing the dark current before and after exposure to high 
intensity light, as follows: 
1. After a several hour stabilization period with shutters closed, many 
data samples were taken and averaged. 
2. The shutters were opened and light entered the instrument until 
1 microampere of anode current was produced on the high gain range. 
3. The shutters were closed, and continuous data samples taken for 5 
minutes. These were reduced for each 1.8 second sample period to 
determine when the dark current had decayed to twice its pre-exposure 
value. 
Results for the two instruments are as follows: 
Pre-Ex2osure Dark Current Recovery Time 
Equi2ment Pulse Counts Anode Current x 1O-1l (Seconds) 
P103, M 145 ±41 5.14 ±1.45 6 
PI03, P 140 ±44 4.2 ±1.3 129 
F104, M 57.5 ±49.2 1. 93 ±1. 67 3 
F104, P 101.5 ±29.7 3.42 ± 1.01 20 
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SECTION VI 
SYSTEM TESTING AND RESULTS 
6.1 GENERAL 
Tests performed by Beckman on the BUV instruments include the following: 
o Vibration 
o Acceleration 
o Thermal-Vacuum 
o Bench Acceptance Tests, Optical and Electrical 
o Interface Acceptance Test, Primarily Electrical 
The tests and results of Bench and Interface acceptance tests have been 
documented previously, and will not be repeated here; a summary of the results 
appears in Section VII. The tests of Vibration, Acceleration, and Thermal 
Vacuum (TV) are given in the GSFC Environmental Test Specification S-320-NI-3-A, 
as revised by GSFC communications, and implemented by previously submitted 
detailed test plans. 
6.2 
6.2.1 
ENVIRONMENTAL TESTS 
Vibr.ation 
The breadboard sensor module (without electronics) was tested in October 1967, 
and several minor changes were incorporated as a result. For a detailed 
analysis, see PR-2475-8, Beckman Monthly Report No.8 for the period ending 
November 30, 1967. 
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Model P103 vibration testing results are given in Table 6-1, and F104 results 
in Table 6-2. 
Figures 6-1 and 6-2 define the instrument axes. 
6.2.2 Acceleration 
The P103 unit was subjected to 30 g acceleration for 5 minutes along the thrust 
(Z) axis as specified in S-320-NI-3-A. The test was performed on 4-10-69; 
before and after performance comparisons showed that the instrument was 
unaffected by the applied acceleration. 
6.2.3 Thermal Vacuum 
Both the P103 and F104 Instruments were subjected to thermal-vacuum (TV) 
testing as specified in S-320-NI-3-A, modified by GSFC instructions. Figure 
6-3 shows the P103 test regime, and Figure 6-4 specifies the test regime for 
the Fl04 Instrument. 
During the tests, internal calibrations were performed periodically. Calibra-
tion results are discussed in Section VII of this report. 
In addition to the tests shown in Figures 6-3 and 6-4, both instruments were 
later exposed to several abbreviated thermal or thermal-vacuum cycles following 
repair or rework. The P103 unit was also subjected to an extensive thermal-
vacuum test program at General Electric, Valley Forge. (Calibration Run 
Results at General Electric are found in Section VII.) 
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ITEM DATE TEST DESCRIPTION AXIS REMARKS 
Sensor 1-30,31-69 1 & 4 g Sine Z,Y,X Exploratory Survey 
Sensor 1-31,2-1-69 10 g/rms Random X,Z,Y Exploratory Survey (Note 1) 
3/0 2-1-69 1 and 7.5 g Sine Y ,Z,X Survey and Specification 
3/0 2-1-69 20 g/rms Random Y,Z,X Specification Levels (Note 2) 
Sensor 2-8-69 7.5 g Sine Y Spec Leve Is (Note 3) 
3/0 2-11-69 11.7 g/rms Random X Workmanship for repair of 2-1-69 
Failure 
Sensor 2-17-69 7.5 g Sine X Spec Leve Is (Note 4) 
Sensor 3-29-69 7.5 g Sine X Repeat of 2-17 Test (Sine) (Notl' 5) 
Sensor 3-30-69 7.5 g to 40 g at 800 Hz Z Accelerometer Mount Failure 
Sensor 3-31-69 7.5 g Sine, IS g/rms Random Y Repeat of 2-8 Test Sine and Spec 
Sensor 4-1-69 7.5 g Sine, 800 to 2000 Hz 
Sensor 4-1-69 IS g/rms Random 
Sensor 4-1-69 20 g/rms Random 
3/0 5-16-69 11.7 g/rms Random 
3/0 9-13-69 11.7 g/rms Random 
Sensor 9-19-69 11.7 g/rms Random 
3/0 9-22-69 11.7 g/rms Random 
NOTES 
1. Two wires in the electronics package were broken. See failure report 
A-01604. 
2. A pinched wire caused destruction of a logic element. See failure re-
port A-OI603. 
3. A photometer shutter pin loosened during the test and was epoxied in 
place. See failure report A-OI606. 
Random 
Z Completion of 3-30 Test 
X Repeat of 2-17 Test (Random) 
Z Diffuser Plates Incorrectly Mounted 
X Workmanship for repair of failure in l 
TV Test 
X Workmanship after rework 
X Workmanship after rework 
X Workmanship for repair of failure 
in A.T. 
4. Many wires were broken in the electronics packagp, S('t' failure reports 
A-0160S. A-01609. A-0161 L Following this test, all the sensor elec-
tronics packages were reworked to withstand more rugged uperatHHls. 
5. A loose diffuser plate clamp was loctited after this test. 
6. All sine vibration tests were limited to D.A. displacement of 1 2-inch 
maximum, at a sweep speed of 2 octaves per minute from 5 to 2000 Hz. 
-
• 
Several wires were broken in the electronics package. See failure re-
ports A-0l605 and A-01607. 
7. All random vibration tests were 2 minutes per axis per test, 20 to 2000 Hz 
spectrum. 
Table 6-1. Results of Vibration Testing. PI03 
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ITEM 
3/0 
3/0 
Sensor 
Sensor 
Sensor 
Sensor 
Sensor 
3/0 
Sensor 
DATE TEST DESCRIPTION AXIS REMARKS 
5-19,20-69 5 g Sine X,Y,Z Specification Level 
5-21-69 11.7 g/rms Random Y,Z,X Specification Level 
6-25-69 11.7 g/rms Random Z Specification Level (Note 1) 
6-27-69 5 g Sine, 11.7 g/rms Random X,Y,Z Specification Level 
7-22-69 11.7 g/rms Random X Workmanship for repair of TV 
Failure 
9-10-69 11.7 g/rms Random X,Z Workmanship after rework 
10-1-69 11.7 g/rms Random X,Z Workmanship for repair of A.T. 
Failure 
10-1-69 11.7 g/rms Random X Workmanship for repair of A.T. 
Failure 
3-17-70 11.7 g/rms Random X Workmanship for repair of A.T. 
Failure 
NOTES: 
1. The monochromator shutter magnet plate was reworked following this test. See failure report A-01615. 
2. All sine vibration tests were limited to a D.A. displacement of l/2-inch maximum at a sweep speed of 
2 octaves per minute from 5 to 2000 Hz. 
3. All random vibration tests were 2 minutes per axis per test, 20 to 2000 Hz spectrum. 
Table 6-2. Results of Vibration Testing, F104 
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Figure 6-2. 3/0 Electronics Module Axis Definition 
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Figure 6-3. Thermal Vacuum Tests, P103 
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6.3 IRRADIATION TESTING 
6.3.1 General 
The optical components used in the BUV Instrument are discussed with respect to 
their function in paragraph 2.3.3 of the Technical Manual. The following is a 
discussion of the results of transmission and reflectance tests performed on 
these optical components. 
All transmitting optical components such as monochromator transfer prisms, 
monochromator exit lens, monochromator wavelength calibration prism, mono-
chromator attenuation filter, and photometer exit lens are constructed of fused 
silica SUPRASIL I. Everyone of these components was checked for transmission. 
A representative sample of SUPRASIL I was irradiated to test for degradation 
with exposure to radiation. The scan before and after radiation (Figures 6-5 
and 6-6) show that no transmission loss was experienced. 
Figures 6-5 and 6-6 also show the graphs for the sapphire used as a shield for 
the two depolarizer calcite plates. The actual pieces of sapphire which were 
used in the P103 Instrument have not been irradiated. A similar sample was 
irradiated with 2 x 1014 e/cm2 at 1.0 MeV. Figure 6-6 shows that there is a 
slight amount of transmission loss towards the lower wavelengths of the BUV 
range. 
The graphs for the calcite used in the constructi.on of the depolarizer before 
irradiation are shown in Figures 6-7 and 6-8. Figures 6-9 and 6-10 show the 
calcite after irradiation. The lOa-percent line was established with two 10-
millimeter pieces of SUPRASIL as shown on the graph. The "Sample" SUPRASIL 
cube was then replaced with the calcite cube for the test run. Again, the 
calcite experiences some degradation of transmission after irradiation with 
the same exposure to radiation. 
The monochromator collimating mirrors are coated with vacuum-deposited 
aluminum. At one time it was under consideration to coat these mirrors with 
vacuum-deposited magnesium fluoride. Tests were conducted to establish the 
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transmission characteristics of the hard- and soft-coated magnesium fluoride 
before and after irradiation. Figures 6-11, 6-12, and 6-13 show the graph 
before irradiation, and Figures 6-14 and 6-15 show graphs after irradiation. 
Only a small degradation in transmission can be observed due to irradiation 
damage. Subsequently, it was decided not to use any magnesiu~ fluoride coating 
on the mirrors. The substrates used in these transmission measurements were 
fused silica, SUPRASIL I, which has a known resistance to irradiation damage. 
The hard and soft magnesium fluoride coatings were also tested when deposited 
on aluminum mirrors (with fused silica substrates). The reflectivity of these 
coatings before irradiation is shown in Figures 6-16,6-17, and 6-18, and the 
'reflectivity of these coatings after irradiation is shown in Figures 6-19 and 
6-20. Again, there is very little degradation due to irradiation damage. As 
stated before, the magnesium fluoride overcoat was not used on the final mirrors. 
The mirror used in the first monochromator had a special antireflection coating 
deposited by NASA at Goddard Space Flight Center, and the resistance to degrada-
tion due to irradiation damage was checked by NASA. 
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SECTION VII 
CALIBRATION 
7.1 GENERAL 
This section is concerned with the verification of the concepts and theories 
of the BUV Instrument design through tests performed on the actual hardware. 
Most of the calibration data herein was obtained before the hardware components 
were subjected to environmental tests. Where it was thought that the environ-
mental testing might change the calibration, post-environmental tests were 
Pc::r formed. 
7.2 CALIBRATION DESCRIPTION 
7.2.1 Photometric Sources 
Applicable documentation are Beckman drawings: 
147418 Photometric Source--Monochromator, and 
147419 Photometric Source--Photometer 
Two photometric sources are employed in the BUV Instrument to supply an inde-
pendent, stable reference for calibration. The sources are UV-emitting tritium 
phosphors rated at 2 curies, and are mounted in a two-part silicon resin 
o (Sylgard 185, Dow-Corning). The monochromator source peaks at 3100 A, the 
o 
photometer source at 3800 A (Figures 7-1 and 7-2). The curves depict linear 
intensity data. Linearization is accomplished by correcting the response of a 
Beckman Linear Spectroradiometer to a standard lamp quartz-iodine spectrum. 
-----,,-----
In the monochromator, the photometric source is located at right-angles to the 
optical axis next to the entrance slit. In the photometric calibrate position 
a mirror mounted on the rotating shutter assembly directs the energy into the 
first monochromator while blocking all external energy. 
7-1 
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Figure 7 -1. Monochromator Source Curve 
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In the photometer, the source in the calibrate position directs its energy 
onto the interference filter and photomultiplier while external energy is 
blocked by a rotating shutter. The radioactive gas and the phosphor are housed 
in a SUPRASIL I envelope which is mounted, in an aluminum disc. Manufacturer of 
the sources is American Atomics. 
The photometric sources allow meBsurement of system degradation with respect to 
time. Degradation could result from irradiation damage and the loss of sensi-
tivity due to gain changes in the electronic or optical systems. The sources 
are somewhat affected by temperature changes. While data on source change with 
temperature was unavailable from American Atomics, a measurement of the influence 
of temperature can be derived from the environmental test results obtained at 
Beckman and General Electric. 
A compilation of the instrument sensitivity to the source output is shown in 
Tables 7-1 and 7-2. From these tables, a scan is constructed from the very 
first and the very last sensitivity data, indicating a relative change of this 
sensitivity with respect to time and changes in instrument parameters. In 
addition to using this photometric calibration source during the environmental 
testing (vibration and thermal), the sensitivity was measured every time the 
instrument was returned to the optics laboratory. Plots of Table 7-1, columns 
1 and 4, are shown in Figures 7-3 and 7-4, and plots of Table 7-2, columns 3 
and 9, are shown in Figures 7-5 and 7-6. 
Tritium gas in the sources has a half-life of 12 years, with corresponding 
decrease in output of the sources. The scans showing the sensitivity of the 
photometric sources ,in the BUV Instrument are not corrected for dark current, 
which is too small to make a significant error. The output of the photometer 
channel photometric source was also recorded during the environmental testing 
of the Instrument. 
American Atomics was also questioned about the effect of 106 rad of irradiation 
exposure on the sources. Information was not available, but the effects would 
depend largely upon how the exposure was received. The sources are, however, 
exposed to 1.7 x 106 rad per hour normally, due to the internal tritium gas 
activity. 
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Table 7-2. Internal Photometric Calibration Source, Monochromator 3050 A, Fl04 Instrument 
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7.2.2 Wavelength Calibration 
The wavelength scan of the BUV Instrument contains twelve sampling steps in the 
o 
wavelength range 2500 to 3400 A, and seven wavelength calibration steps grouped 
o 
around the 2537 A mercury line. The half·bandwidths of all steps are nominally 
o 
10 A wide. 
o 
A wavelength scan starts at 3400 A and continues sequentially through the 
o 
sampling steps and seven calibration steps before returning to the 3400 A 
starting point. 
The scan dwells for two seconds at each sampling step and moves to the next 
step in 0.5 second. During the 2-second measuring interval, any given wave-
o length is displayed at the exit slit to an accuracy of +0.2 A. A complete 
scan is accomplished in 32 seconds with 2 seconds for each sampling step, and 
0.5-second movement to the next step. 
The positions of the wavelength scan steps are cut into a continuous cam. One 
cam revolution contains all sampling and calibration steps. The sampling steps 
are 10 0 wide and the calibration steps are 80 wide. Table 7-3 shows the sampling 
and calibration wavelengths, and separation between steps. 
Step Wave!ength Separation Step Wavelength Separation Number A A Number K 
00 3398 86 10 2735 180 
01 3312 137 11 2555 
en 
02 3175· 50 19 2522 5 
Q.. 
Q) 
.I.J 
03 3125 67 20 2527 5 
en 
c: 
04 3058 39 21 2532 5 
0 
.~ 
.... 
44 2537 C1l 05 3019 22 5 H 
..0 
.~ 
06 2975 53 23 2542 5 M C1l 
46 24 2547 5 u 07 2922 
08 2876 46 25 2552 5 
09 2830 95 
Table 7-3. Samp ling and Calibration Wavelengths 
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Note that in the region where ozone backscattering occurs, the sampling points 
are more closely spaced, and that the wavelength calibration steps have a fixed 
o 5 A separation. 
The wavelength accuracy of the BUV is checked with the internal mercury cali-
bration lamp, and with a PEN RAY Mercury Light Pencil. To accomplish this, a 
micrometer is installed in the instrument, as shown in Figure 7-7. 
The micrometer settings (which place the cam follower in contact with the cam 
steps) are recorded for each step of the wavelength cam. Also recorded is the 
o 
micrometer setting corresponding to the peak PMT output current at 2537 A when 
the instrument is illuminated by its own mercury calibration lamp through the 
auxiliary slit. The micrometer setting gives peak PMT output current at each 
mercury line when the BUV is illuminated externally by a PEN RAY Mercury Light 
Pencil diffused from a MgO plate. 
From the data taken by diffused external illumination, the micrometer reading 
versus wavelength was plotted for each mercury line except 2537 A. The mean 
slope of that plot was used to determine the spectral displacement of each 
cam step from the nearest mercury line to determine the wavelength associated 
with each cam step. The deviation of the actual wavelength from the design 
wavelength at each step versus wavelength was plotted. Using the value of 
o 0 
the mean slope, the deviation of the 2537 A cam step position from the 2537 A 
calibration lamp output was determined and plotted on the deviation curve. 
The following mercury emission lines of the PEN RAY Mercury Light Pencil were 
used for calibration: 
3341.47, 3131.83, 3125.67, 3124, 2967.28, 
2892.6. 2752.78, 2652.8, 2537.26 
None of these lines exactly matches a cam step and thus cannot be used for a 
direct measurement. 
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A verification of the correct alignment of the optics is obtained with a scan 
of the internal mercury calibration lamp. Figure 7-8 shows a typical scan for 
the Fl04 instrument. The PI03 instrument is similar. 
The seven calibration steps are grouped in such a way that the fourth step 
corresponds to the 2537 A mercury emission line. The 5 A separation between 
the steps permits viewing of the 10 A half-bandwidth lines with steps 3 and 5. 
If the shoulders of steps 3 and 5 are of equal heights, then the 2537 A line 
is correctly placed on step 4. The spike response just prior to step 1 is the 
2537 A mercury line, which must be passed to get on the first calibration step 
o 
at 2522 A. 
The internal mercury calibration lamp scan, Figure 7-8, and the external PEN 
RAY scan determine the correct location of the cam steps in the spectrum. 
Table 7-4 lists the final values for the cam steps of the BUV Pl03 and F104 
Instruments. 
0 
Actual Wavelength Step (A) 
Step Wavelength Step BUV BUV 
Number Desired (1) Fl03 Fl04 
00 3398 3400.77 3398.61 
01 3312 3314.62 3312.09 
02 3175 3176.8 3374.76 
03 3125 3126.42 3124.48 
04 3058 3059.86 3058.71 
05 3019 3021.01 0318.73 
06 2975 2976.9 2975.14 
07 2922 2924.06 2921.84 
08 2876 2878.18 2876.21 
09 2830 2832.42 2830.42 
10 2735 2737.65 2735.3 
11 2555 2557.34 2555.11 
12 2537 2539.62 2537.34 
Table 7-4. Final Values for Cam Steps 
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The wavelength accuracy of P103 and F104 were monitored through all environ-
mental tests. The manual PEN RAY external and the mercury lamp internal 
calibration methods were used employing the micrometer screw after the 
vibration, acceleration, and thermal vacuum tests. The internal mercury 
lamp method was employed during all environmental tests with the resultant 
data plotted in Figures 7-22 through 7-25 (see Section 7.3.1.3). 
The fin1l wavelength steps were calculated using five mercury calibration lines 
in the BUV wavelength range instead of the seven formerly used. The peaks of 
o 0 
the two wavelengths eliminated (3131-3125 A group, l"nd the 2652.8 A line) could 
not be exactly located on the BUV for final calibration. The wavelength data 
·of the five mercury lines was obtained from Beckman Instruction Manual l220-A, 
D~odel DK-A Recording Spectrophotometers". The calibration points reflect an 
"in air" environment. 
The final data for the best possible values was determined with the least 
squares method using a computer program. Reproductions of the computer data 
are shown on the follOWing pages. 
7.2.3 Radiant Sensitivity. Q.l. Lamp 
The radiant sensitivity measurements were conducted to establish the response 
of the BUV Instrument to a calibrated light source with a known flux output. 
Quantum efficiency and gain of the photomultiplier may b~ deduced using the 
measured transmission and reflectance values of the optical components. A. 
calibrated 1000 W quartz-iodine lamp is used for the calibration. Instructions 
for using this standard of spectral irradiance are listed in paragraph 7.2.6 of 
the Instruction Manual. Copies of the flux output for several calibrated lamps 
are also contained in that paragraph. 
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FINAL WAVELENGTH STEPS FOR P103 INSTRUMENT 
POLFIT 18:12 
VERSION 7/1/69 
LEAST-SQUARES POLYNOMIALS 
NUMBER OF POINTS 
MEAN VALUE OF X 
MEAN VALUE OF Y 
STD ERROR OF Y 
= 5 
= .33492 
= 2898.09 
= 297.236 
NOTE: CODE FOR 'WHAT NEXT?' IS: 
Q = STOP PROGRAM 
1 = COEFFICIENTS ONLY 
2 = ENTIRE SUMMARY 
3 = FIT NEXT HIGHER DEGREE 
LA 024 06/10/70 
POLYFIT OF DEGREE 2 INDEX OF DETERM = .999996 WHAT NEXT? 2 
TERM COEFFICIENT 
0 2.4495382E+03 
1 1.3678590E+03 
2 -6.2655730E+01 
X-ACTUAL Y-ACTUAL Y-CALC DIFF 
.6728 3341.48 3341.47 8.01849E-03 
.3851 2967.28 2967.01 .27129 
.3293 2892.6 2893.18 -.579857 
.2237 2752.78 2752.39 .387161 
.0637 2536.33 2536.42 -8.65593F-02 
STD ERROR OF ESTIMATE FOR Y = .53258 
WHAT NEXT? 0 . 
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PCT-DIFF 
2.39969E-04 
9.14355E-03 
-2.00422E-02 
1.40664E-02 
-3.41266E-03 
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WVCAL3 19:00 LA 024 06/10/70 
WAVELENGTHS CALCULATED WITH SECOND ORDER POLYNOMIAL 
ALL WAVELENGTHS IN ANGSTROMS, MICROMETER READINGS IN INCHES 
WVLNGTH, SPEC WVLNGTH, CALC (SPEC) - (CALC) MICROM 
3398 3400.77 -2.76602 
3312 3314.62 -2.61844 
3175 3176.8 -1.80089 
3125 3126.42 -1.41537 
3058 3059.86 -1.86029 
3019 3021.01 -2.00706 
3975 2976.9 -1.90221 
2922 2924.06 -2.05549 
2876 2878.18 -2.18l36 
2830 2832.42 -2.42367 
2735 2737.65 -2.64717 
2555 2557.34 -2.34381 
CALCULATED VALUES BELOW WERE CORRECTED FOR 4A OFFSET 
OF INTERNAL CALIBRATION AUXILIARY SLIT. 
2522 2524.53 
2527 2529.83 
2532 2534.86 
2537 2539.62 
2542 2544.38 
2547 2549.54 
2552 2554.43 
THE AVERAGE DEVIATION IS: -2 .32725 
THE STANDARD DEVIATION IS: 2.35896 
-2.52718 
-2.83258 
-2.86415 
-2.62216 
-2.37864 
-2.54107 
-2.43013 
THE VALUES OF A,B ,AND C USED WERE*** 
A= 2449.54 B= 1367.86 C=-62.6557 
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.6519 
.5453 
.5066 
.4557 
.4261 
.3926 
.3526 
.318 
.2836 
.2127 
.0791. 
.0579 
.0618 
.0655 
.069 
.0725 
.0763 
.0799 
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FINAL WAVELENGTH STEPS FOR F104 INSTRUMENT 
15: 1 5 06/11/7.-) 
*** sb~prlk OF 08/01/69 *** 
LEA S r - S QUA RES P J L Y NOM I A L S 
NUMBER uF PO II'H S = 5 
MEAN VALUE OF X = 0.32758 
MEAN VALUE Or- i = 2898.09 
STD bi~~uo OF i = 297.236 
NOTE: CODE FJH 'WHAT NEXT?' IS: 
J = STuP PKOGRAI'-1 
1 = COEFFICIENTS ONLY 
2 = ENTIRE SUMMARY 
3 = FIT NEXT HIGHER DEGREE 
POLYFIT OF DEGREE 2 
INDEX OF DETERMINATIuN = 0.999999 
~geAT NEXT? 2 
TERM COEFFICIENT 
0 2457.99 
1 1372.48 
2 -64.3426 
X-ACTUAL Y-ACTUAL Y- CALC 
0.6644 3341.48 3341.47 
0.3776 2967.28 2967.07 
0.3219 2892.6 2893.13 
0.2167 2752.78 2752.39 
0.0573 2536·33 2536·42 
STD ERROR OF ESTIMATE FOR Y = 0.492963 
WHAT NEXT? \3 
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DIFF 
1.3 7024E- 2 
0.213257 
-0.526398 
M.P~PN2T 
-9.33533E-2 
PCT-DIFF 
4.110071E-4 
7·18746E-3 
-1·81948E-2 
N.428PNbJ~ 
-3.68051E-3 
I 
I 
I 
I 
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vJVCAL8 7:45 LA 024 N~SLN2LTM 
. vJAVELENGTHS CALCULATED W I Iii SECJ,'JD 'JiWE,-( P JL (,\j,jiv] I AL 
ALL ~ogAsbibkdftip IN A.\jGSII'\'JI"lS .. MfCf~MMbTbo READINGS IN INCHES 
WVLNGTH.. SPEC 
3398 
3312 
3175 
3125 
P~R8 
3A19 
2975 
2922 
~8TS 
2830 
2735 
2555 
PP~8.SN 
3312.09 
317L1.76 
312L1.Ll8 
3057.71 
3J18.73 
2975·14 
2921.84 
2876.21 
28P~.42 
2735.3 
2555. II 
(SPEC>- (CALC> 
-.6136384 
-8. 649L1L1E-eJ2 
.237156 
.RNo~4d 
.288177 
.269966 
-.1376813 
.155056 
-.209358 
-.422375 
-.298229 
-.111725 
MICROM 
.7069 
.6416 
.5357 
.4972 
.4463 
.4167 
.3837 
.3435 
.3092 
.2749 
.20L1 
.071 
CALCULATED VALUES BELOW WEHE CORRECTED FOR 4A JFFSET 
OF fkTb~kAi CALIBNATION Ar~fiifAoN pifT~ 
2522 
2527 
2532 
2537 
2542 
2547 
2552 
2522. 16 
2527.23 
2532.42 
2~PT.P4 
2542.25 
2547.29 
2551.93 
- • I T9~2d 
-.233509 
-.4218L11 
-.335392 
-.247272 
-.293856 
T.M29P4bJi~2 
THE Asb~Adb DEVIATION fpWJ·NMTS~P 
THE STANDAHD DEVIAfiON IS: .303756 
THE VALUES OF A .. B .. AND C USED WERE ••• 
A= 2457.99 B= 1372.48 C=-64.3426 
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The radiant sensitivity measurement setup is shown in Figure 7-9. The Sensor 
Module is protected from the heat of the lamp by a metal plate. A flat, black 
coating on the plate minimizes back-reflection against the envelope of the 
. . 
lamp. A hole in the plate permits i11umiriation of only the diffuser plates. 
The calibrated lamp is positioned perpendicular to the optical axis of the 
instrument and the outboard mounting surface, as shown in Figure 7-9, with the 
center line going through a point on the diffuser plate where the optical axis 
intercepts the plate. 
To change from the photometer to the spectrometer position, the lamp is moved 
vertically only. For the calibration measurements of the spectrometer, the 
lamp is positioned 50 cm away from the diffuser plates and is operated at 
8.3 amperes (measured on a 0.25 percent ac meter). The anode current should 
not exceed one microampere at maximum response. The wavelength positions are 
then scanned either with the micrometer screw or the cam drive, and the 
response recorded. 
Figure 7-10 shows the output of a standard quartz-iodine lamp. Figures 7-11 
and 7-12 show the response curves of P103 and F104 Instruments to a calibrated 
o 
lamp. In the 2900 to 3400 A region, the curve shape is largely influenced by 
the special coating of the first collimating mirror. 
7.2.4 MCS B,C 
As mentioned in paragraph 7.2.1, two photometric sources are employed to supply 
stable reference for calibration. In the monochromator, the photometric source 
is located at right-angles to the optical axis next to the entrance slit. In 
the photometric calibrate position, a mirror mounted on the rotating shutter 
assembly directs the energy into the first monochromator while blocking all 
external energy. 
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Figure 7-12. F104 Instrument Response Curve 
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In the photometer, the source in the calibrate position directs its energy 
onto the interference filter and photomultiplier while external energy is 
blocked by a rotating shutter. 
Figure 7-13 shows that the tritium decay rate will result in an approximate 
6-percent decrease in the output of the sources during the first year of 
operation. 
During MCS B, the monochromator PMT voltage is forced to the high-gain state 
and the electrometer is allowed to free-range. During MCS C, which Occurs 
simultaneously with MCS B, the photometer PMT voltage is forced to the low-
gain state and the electrometer allowed to free-range. 
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Figure 7-13. Radioactive Decay of Tritium (Half-Life - 12.6 years) 
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7.2.5 MCS D, E 
During the last minor data frame of the 24th Master Data Frame, a wavelength 
calibration of the monochromator channel is performed. The first 7.5 seconds 
are used to step the wavelength cam to the wavelength calibrate position and to 
rotate the shutters to view the wavelength calibration source (a Mercury Argon 
lamp). During the next 14 seconds, the cam is stepped from the 2522 A position 
to the 2552 A position in 5 A steps, dwelling 2 seconds at each step. The 
remainder of the 32-second frame is used to position the cam to the start 
position. 
The next data frame is used for a secondary wavelength calibration. During this 
frame, the grating is stepped through the normal positions while the monochrom-
ator views the wavelength source. The final 2.5 seconds of the frame are used 
to reposition the shutters to the data position. 
While in the WAVELENGTH CA.LIBRATION position, the entrance shutter is closed, 
but in a position 180 0 from the DARK CURRENT position. The Wavelength Calibra-
tion Lamp is turned on, and the light beam passes through a filter and a Transfer 
Prism. The light beam continues through an auxiliary slit and into the mono-
chromator system. 
The attenuation filter is mounted directly in front of the wavelength calibra-
tion lamp. The filter is a circular disc of fused silica with an aluminum 
o 
coating. The coating passes one percent of the incident energy at 2537 A, the 
wavelength calibration line of the mercury arc lamp. 
The transfer prism, constructed of SUPRASIL I fused silica, is mounted in front 
of the Wavelength Calibration Lamp and directs the energy of this lamp into the 
monochromator. The two transmitting surfaces of the prism are covered with 
aluminum coatings which transmit 9 percent and 0.9 percent of the incident 
o 
energy at 2537 A, the wavelength calibration mercury line, for a total atten-
uation of approximately 103 • 
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The small rectangular auxiliary slit is located directly beneath the main 
entrance slit. Slit Dimensions are 2 mm high and 1.2 mm wide, and it is cut 
into the same plate as the main entrance slit. 
The Wavelength Calibration Lamp is mounted directly beneath the depo1arizer on 
the common mounting plate which also houses the entrance and exit slit and the 
exit lens. The lamp is a small (1-3/4 in. long by 9 mm in diameter) arc lamp 
filled with mercury argon gas; the envelope is fused quartz. 
During MCS DE, the monochromator PMT voltage is forced to the high-gain state, 
and the electrometer is allowed to free range. Results of the MCS D calibra-
tion are given in paragraph 7.3.1. 
Figure 7-14 is a plot of the results of a typical MCS D calibration made on the 
o 
P103 instrument. The pOint at which the 2537 A mercury line peaks was dete.r-
mined by the intersection of two straight lines through pairs of points on 
either side of· the peak. The "two point" forms of the two lines were rearranged 
and solved for the "X" value of their intersection. A less accurate method is 
to plot the data on linear graph paper and determine the intersection by use of 
a straight edge. 
For the Pl03 unit, two sets of lines were used: 
a. Lines joining cam steps 19, 20 and 23, 24 (called the intermediate 
skirt), and 
b. Lines joining cam steps 20, 21 and 22, 23 (called upper skirt). 
Note that the intermediate skirt center wavelength values follow those derived 
from the upper skirt data, but magnify any shift which occurs. It thus appears 
that an additional effect contributes to the actual wavelength shift when using 
the lower value data. For this reason, the F104 instrument was evaluated using 
only the data from the 20, 21 and 23, 24 point pairs. Note that point 22 was 
not used since it lay very close to the calculated intersection and thus would 
distort the results of the method as used. 
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Figure 7-14. Typical MeS, D Calibration Curve for the 
P103 Instrument 
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7.3 CALIBRATION RESULTS AND DERIVATIONS 
The results presented were obtained during performance of various environmental 
tests or, for quartz-iodine data, during bench acceptance tests. Data for the 
Pl03 Instrument comes primarily from tests performed at General Electric, Valley 
Forge, while most Fl04 Instrument data was derived from tests at Beckman's 
faci 1i ties. 
7.3.1 MCS B C, D E, and Q I Tests 
7.3.1.1 Dark Current 
Figure 7-15 shows the temperature dependence of dark current observed during 
thermal-vacuum tests at General Electric on the Pl03 Instrument. Figures 7-16 
and 7-17 show the corresponding data for the Fl04 Instrument taken at Beckman 
during TV (thermal vacuum) testing in February, 1970. 
7.3.1.2 MCS B,C 
Figure 7-18 shows the temperature dependency of the photometer photometric cal-
ibration during TV testing at General Electric, while Figures 7-19 and 7-20 
show comparable data on the monochromator in both pulse counts and analog values 
for selected wavelengths. 
Figure 7-21 shows equivalent data for the Fl04 Instrument, taken at Beckman 
during TV testing in February, 1970. 
7.3.1.3 MCS D,E 
Figures 7-22, 7-23, and 7-24 show the apparent wavelength shift as a function 
of test activity during pre-thermal vacuum testing of the Pl03 Instrument. 
Similar data for the Fl04 Instrument is shown in Figure 7-25. Refer to para-
graph 7.2.4 for an explanation of the derived data. 
Figure 7-26 shows the large temperature dependency of the internal calibration 
lamp perceived intensity, and Figure 7-27 shows the resulting variations in 
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Figure 7-17. Photometer Thermal Vacuum Test Results, F104 Instrument 
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Figure 7-18. MCSC Level Versus PMT Temperature 
7-35 
I 
2.1 ~ 1 + H :;: r:t ~ I + ~t· .... ~; t~ ~ ~~J ~.z. r~~ Ur tl ,. If I 
a97 l ti t1i IT F. ~W~ 1-1- II :. ~l ~l E I It ~ -t4HJ H !:" ~ 1.9 
I 3019 ~ t-t :r 
It 
I 1.7 2~22 
I 1.5 
3058 
I • I 0 " 
" t.> 
I ~ r03 I 8 
1.1 
I 
I _2 0.9 
I : L2 
I 0.7 
I 0.5 
8 12 16 20 24 28 32 36 
I PMT TEMPERATURE (0 C) 
I 
I Figure 7-19. MCS B Pulse Count Values Versus 
I 
PMT Temperature 
7-36 
I, 
I 
I 
I 
I 
I 
I 
I 
~ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
3.4 
=; 
P'4 
~ 
= 
c;: 3.0 
. 
N 
II 
Z 
~ 
E-4 
::IiI 2.6 
Q. 
--
1.0 
8 12 16 20 24 28 
PMT TEMPERATURE (OC) 
Figure 7-20. Mes B Analog Values Versus 
PMT Temperature 
7-37 
32 36 
___ I ._ .. ' _ ,_> ___ ' .. _ .. ,_' _ .... _ .... _ 
N , 
>-i 
~ 
~ 
~ 
MONOCHROMATOR ANODE CURRENT (IAJ AMPERES x 10-10 PHOTOMETER ANODE CURRENT (IAJ AMPERES x 10- 12 
-
j:.....f'.-. ~"DI .... , ~ " I<: " - 0 C ~" " " , !i rJJ~~ ~; . k ~ .g: ~ i2W~ ~~~~ 1<"" r-; '" DJJ~ L.. ~m" I'-, 
7 ~~ K ~~ ~~~ ~ ~~~ t> ~~~ ~ ~~~ ~~r~~ ~J ~~ f~~ V ~ ~ ~ v~ 1 f~ J 
~I / J~ ( V 
<.......... £.. It ~rJT rJJ..~ V <~ ~~ ~~ ~~ VV Kr--..h 
.. .. .. .. .. 
~JJ~ J~ ~~ _~~ If ( 
"r-.. @F-- I-. t> r---.. v~ s~vp~ ~ j _~ ~v / ~ ~ ~ 
J~ ~rJ.. > V ~ <~~s k~~~ s~ V ~ <v ~g> kP< k~ ,<V ~>; ~ 
1/ ~v f~~~J V h~ _V 
1 /v VI ..-I--I--r-- ~v"J v .......... "" VV f~~ J~ ~ k~ / ~ 
{ k" - r--., \. I '\ 
v~ ~ ~~~~ ~ ~~~s~a z~ <~~ ~~~ ~~ r~~ ~h 
I----- -......... -1"-\""'" , '-1--1--- v~ ~~ _r" "'" _ fI~ v~ ~~ ~~~ ~v D~ 
( i-> ~ Ii x~I.. <)) ~ ~ hi. l.JJ~ '" 1 ./ 
7 ~rJ.. D~ ~ VV ~~~ '1> t---", ~p.. ~
41---1- k:::::: ~ oCr-- 1<'" t---t--
"' 
Figure 7-21. Interna 1 Photome ter 
w 
a-
Calibration vs. Temperature, 
F104 Instrument 
7-38 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
,.... 
CIl 
.u 
s:: 
:>. .... ;:g, 
CIl s:: .... ~ ~ 
s::'O 
.......... 
> ~ .... 
>'0 
.... s:: 
.u .... 
<II 
..-4'" ~ 0 g 
til 
-
-I 
'" •, 
-~ 
.u 
I 
• ..-4 
• > If 
3 
7.5G 
Sine 
X Axis 
F===" 
. 
180 0 ~J
160 0 
140 0 
120 0 
100 0 
80 0 
60 0 
• 253 7 
253 
253 
253 
2533 I 
253 
-
-
7.5G Sine 
Z Axis 
to 800 Hz 
7.5G 
Sine 
Y Axis 
Perceived 
Source Intensity· 
.. Wavelength 
I-+-H-t- -:.::-:+ ffi+ 
• -.;;- '-,1--> 
_ --f->-.:::::.:s.:.:- WW~~== 
-. ..... .. + 
..I.. -,;.... ' __ ~ ....... r. ~I 
r:;.. m~T -
- ·,...-"+f"-
_:--f-;--r-f--+H-- ~~W~b pWWW;WWWWWWW~J.J
- .JfHJ~J
;. 
~ 1% Filter, Intermediate Skirt 
~ 1% Filter, Upper Skirt 
Time (Days) 
3-29 ....... 4 ____ 3-31 
------'Wv+ 
Figure 7-22. Wavelength Shift Due to Pre-Thermal Vacuum 
Testing from 3-29 to 3-31, P103 Instrument 
7-39 
_y_FJDJ~JIJ
- '-- .. ' - -- ,-'- - .. -> -
" I ~ 
0 
Uni t Mounted 
in Fixture 
15G RMS 
Y Axis 
~ 
2544 
t 
:;:1 
'$ 1 
.,- ~t 
o ~~ 
. 2542_ -;- 140 4J 
s:: . -
:,t 
r ' I ;1 I 
.i54 hf~ . ~ 
.1:: ...... 
0-'- i:l 
-.-I 
0 
/l.o 120 
..... 
1\1 
::l 
"tI 
-.-I 
> 100 
• .-1 
"tI 
s:: 
H 
~ 80 0 
0 ~ 1m ttl -; . 
4J 
j:OO 
~ 
e 60 
>. 
4J 
.... 
VI 
40 s:: QI 
on Table 
~ \ 20G RMS 15G RMS Z Axis Axi 
.., 
Noise 
Reduc tion R, 
, 
- . s:: Intermediate Skirt QI 4J s:: 
H ...... 
QI 
~ -2536 
::s 
QI 
> 
• .-1 
4J 
1\1 
..... 
l ~I t· 
:! 
;] 
2534 Upper :E Skirt 
WWD~ 
:;-
i . 
:. 2532 ++ 
I+i 
tIVV\r- 3 - 31 ... 4-1 4-2 •• 
k 
mrmmrnNejlllelfnllenelfmenNi~JJ
NOTES: 
Mean ~I Mono Down - 2534.01A 
" ", Upright - 2534.4471. 
" ", All Others- 2534. 503A 
Difference between mono down 
and all other positions 0.46A 
,,.., 
n 1 Itt 
l Itt 
Il i 
Perceived Intensity_ it I " l1 
I 
; 
f i 
j 
f~ 1 .... -
I I U I , 
ft l . ~ r ; 
f + :t i~t. . . 
"1 it itl H + 'I I" - f-
-r t1 lU j 
-. 1 tl . It I I! T + ro-,t-
-. t 
~ ~. .. 
-
-
11 
I 
1 ! . 
V 4-3 
.. 
Time (Days) 
Figure 7-23. Wavelength Shift Due to Pre-Thermal Vacuum Testing, from 3-31 to 4-3, 
Pl03 Ins trumen t 
" j 
:! 
-+ 
i 
~ 
I 
I 
I 
I 
( 
I 
I 
f 
I 
I 
I 
, 
Accel. 
Test 
1400 2542 
Perceived 
1200 Intensity 
-;)100 254 
., 
s:: 
~ 
0 
~ 80 
~ 
C\I 
::s 
-0 
-.... to 253 > 60 ~ ~ 
-0 s.. 
s:: ., 
J-4 to 
~ 400 tIC 
0 ~ 0.7A Shift 
-~ ..c: Average Post-I:n ., 2536 Acceleration 
-
:>. IV 
., ~ 
.... IV 
to > s:: C\I 
cv :3 ., 
s:: 
J-4 
41 2534 
> 
.... 
., 
C\I 
..... 
~ Intermedi ate Upper Skirt Skirt 
2532 
2530 
4J~""""" __ """ •• 1114-4 .. 4-10 ... 4-11 .. 
Figure 7-24. Wavelength Shift Due to Pre-Thermal Vacuum 
Testing, from 4-3 to 4-11, P103 Instrument 
7-41 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
0.4 
1.4 
,-
• 0 ~ " 1.2 
t,) 
rII'I 
~ 
• E t,) 
-
~ 1.0 
.-i .. 
~ 
~ 0.8 
II ~ 
Q. fI ! .~ : ·'·1 -:R:l 
0.4 
8 12 16 20 24 28 32 36 
PMT TEMPERATURE (oC) 
Figure 7-26. Hg Lamp Intensity Versus PMT Temperature 
7-43 
~JJJJ~JJJJJ~~JJ~JJJ
~ 
I 
~ 
~ 
60 
50 
-, 
<:> 
.-t 
.c 
0 
~4M ~ 
~ 
0 
.... 
~ 
f-4 
~ 30 
a 
P4 
20 
10 
o 
2500 2600 2700 2800 2900 . 3000 3100 
WAVELENGTH (ANGSTROMS) 
LEGEND: 
PMT TEMPERATURE 
X 12°C (10° Sic TEMP) 
o 24°C (25° SIC TEMP) 
A 29°C (35° SIC TEMP) 
3200 3300 3400 
Figure 7-27. MCSE Calibration--PMT Temperature Correlation 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
Figures 7-28 and 7-29 ~re plotted from data taken on the Fl04 Instrument at 
Beckman during TV testing in February and March, 1970. On Figure 7-29, temper-
,ture is plotted only during the first transition to show the slope of the slight 
wavelength shift; thereafter, data was taken at the temperature plateaux only, 
and is indicated on the graph by a single entry. 
7.3.1.4 Quartz-Iodine (Absolute) Tests 
Tables 7-5 and 7-6 show comparative data for the Pl03 and Fl04 Instruments taken 
at Beckman and General Electric. Table 7-7 shows comparative data for the Fl04 
Instrument taken at Beckman on 10-5-69 and 3-1-70, using the same Q-I lamp. 
Percentages given are with respect to the earlier reading in all cases. 
7.3.2 PMT Gains and Td Values 
Determining PMT gains and discriminator "dead times" is basically a two-step 
procedure, with a third step giving a check of the results of the first two. 
The steps are as follows: 
1. Determine PMT gain independently of dead time. 
2. Determine dead time using the gain value of Step 1. 
3. Measure system response using six screens having known percentages 
of transmittance, and readjust gains and dead times as required. 
Step 1: 
The PMT is operated in the high-gain mode, and stimulated by a Q-I 
lamp. The light level is set, by varying the lamp current, to give 
an analog output just over the ADC threshold. Several runs are made 
and the pulse-count values for corresponding ADC readouts are recorded. 
The pulse count measured (Rm) should be kept in the 30K to 70K pps 
region to minimize dead time correction effects. Since the pulse 
count readout will be compressed, the maximum resolution uncertainty 
is 1.5 percent, which is magnified by the relation: 
Error (%) = 1.5 
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Figure 7-28. Wavelength vs. Housing Temperature, Fl04 Instrument (Pressure < 0.1 mm Hg) 
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Expec ted i ( Measured** 
Wavelength Ipc x 1013 Ipc x 1013 Difference 
(Angs troms) (Amperes) (Amperes) (%) 
3398 2.70 2.70 0 
3312 3.84 3.80 -1.05 
3175 5.13 5.04 -1. 78 
3125 5.47 5.39 -1.48 
3050 5.66 5.56 -1. 79 
3019 5.62 5.52 -1.81 
2975 5.47 5.35 -2.24 
2922 5.08 5.00 -1.6 
2876 4.61 4.57 -0.87 
2830 4.12 4.04 -1.98 
2735 2.82 2.76 -2.17 
2555 0.792 M.T~2 0 
3800 323. 297. -8.75 
Source: 1000 watt Q-I lamp SiN EPI 1260, filament 8.3 amperes, 
source-to-instrument distance = 50 cm. 
* Photocathode currents measured at Beckman Instruments 
during BAT of 9-23-69. 
** Values measured at General Electric during BAT of 9-29-69. 
Table 7-5. Absolute Calibration Data, Pl03 Instrument 
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Expected": Measured** 
Wavelength Ipc x 1013 Ipc x 1013 Difference 
(Angstroms) (Amperes) (Amperes) (%) 
3398 2.3549 2.1623 - 8.9 
3312 3.3676 3.0753 - 9.5 
3175 5.1284 4.956 - 3.47 
3125 5.4592 5.1876 - 5.23 
3058 5.7454 5.1876 -10.75 
3019 5.7781 5.1876 -11.38 
2975 5.5529 5.0706 - 9.51 
2922 5.3059 4.8455 - 9.5 
2876 4.9559 4.4242 -12.01 
2830 4.4744 4.0399 -10.75 
2735 3.3487 2.9598 -13.13 
2555 1.1124 1.0096 -10.18 
3800 109.39 191.1 + 0.37 
Source: 1000 watt QI lamp SiN EPI 1262, filament current - 8.3 
amperes, and source-to-diffuser distance at 50 cm. 
* Photocathode currents as measured at Beckman Instruments 
during bench acceptance test of 10-5-69. 
** Photocathode currents measured at General Electric during 
bench acceptance test of 10-11-69. 
Table 7-6. Absolute Calibration Data, F104 Instrument 
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Wavelength 
(Angstroms) 
·3398 
3312 
3175 
3125 
3050 
3019 
2975 
2922 
2876 
2830 
2735 
2555 
, 
10-5-69 3-1-70 
Expected Measured 
Ipc x 1013 Ipc x 1013 Difference 
(Amperes) (Amperes) (%) 
9 2x10 RFR 3x1010 ~o 2x109 
2.3549 2.433 2.596 +3.31 
3.3676 3.465 3.608 +2.89 
5.1284 5.054 5.347 -1.47 
5.4592 5.364 5.686 -1.77 
5.7454 5.617 5.848 -2.28 
5.7781 5.588 5.848 -3.4 
5.5529 5.429 5.686 -2.28 
5.3059 5.22 5.474 -1.64 
4.9559 5.003 5.023 + .95 
4.4744 4.35 4.557 -2.85 
3.3487 3.198 3-.393 -4.71 
1.1124 1.072 1.149 -3.76 
Table 7-7. Comparative Absolute Calibration Data, 
F104 Instrument 
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3x101O 
+10.23 
+ 7.13 
+ 4.26 
+ 4.15 
+ 1.78 
+ 1.2 
+ 2.39 
+ 3.16 
+ 1.35 
+ 1.84 
- 4.71 
+ 3.29 
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Thus, R should be kept low for this measurement. Rt is calculated 
m Rm 
using the relationship Rt = , assuming a Td of 1 ~sec. 
1 - RmTd 
The PMT gain is then calculated at several light levels using the 
relationship: 
GPMT = 
1.602 x 10- 19 x Rt 
(The denominator represents equivalent photocathode current.) 
Step 2: 
The light level is increased to give pulse counts in the lOOK to 
800K pps range, and several runs made recording pulse counts vs. 
ADC readout. Td is then calculated from: 
= 
where 
= 
GPMT x 1.602 x 10- 19 
Steps 1 and 2 can be iterated several times to get a high confidence 
level for the gain and dead time values. 
As a further check, an EPUT meter can be used at the output of the 
low-level discriminator and its readings compared with those pro-
duced, in compressed form, in words 5 and 6. 
For calculating Td' the energetic particle count should be added to 
the Rm value given in words 5 and 6 (but not to the EPUT readings). 
The monochromator energetic particle count appears in W7, and 
typically runs 1 to 2 percent of the W6 values. 
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Step 3: 
NOTE 
The energetic particle count is assumed 
equal to the monochromJtor in percentage 
when calculnting photometer parameters 
Several runs are made, using constant Q-I lamp current for each run, 
with the calibrated filters interposed between the light and the 
instrument. Using the 100 percent IA (ADe) value as a base, the 
percentages are calculated for the IA (ADe) readings and compared 
with the independently measured transmission percentages to 
establish confidence in the test configuration. 
Then, using the previously derived Td , the pulse count reading per-
centages are obtained. (As a double check, both the 100 percent 
value and the minimum percentage value may be used as bases for 
calculation.) 
Since the IA (ADe) percentage values are independent of absolute 
gain values, agreement between pulse count (R t ) percentages and 
IA (ADe) percentages gives a good indication of the accuracy of 
the derived Td • 
To minimize compression truncation errors, it is useful to inter-
polate between discrete R values by noting W5 and W6 LSB variations. 
m 
E.g., if, out of five readings, three are nominal, one is LSB + 1 and 
one is LSB- 1, then the R value should be taken as the midpoint 
m 
between the nominal value and the nominal value plus LSB; if three 
are nominal and two are LSB + 1, then the R value should be taken 
m 
as midpoint + 2/5 of the difference, etc. 
During all the above tests, the wavelength cam is stopped at a 
selected position (usually 04 or 07) by opening a switch inserted 
in the cam motor drive line, and the Q-I lamp is driven by a regulated 
supply to prevent intensity fluctuations due to changes in the line 
voltage. 
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7.4 , '-LINEARITY CALIBRATION PERFORMANCE 
Using the calibrated screens described in paragraph 7.3.2, runs were made on 
several gain ranges at various light intensities. Figures 7-30 through 7-36 
show the results obtained on both signal channels for the Pl03 Instrument. To 
normalize the graphs, the ordinate is given in percentage of full scale rather 
than in absolute units. The 100 percent value is given in all cases. 
7.5 RANGE OVERLAP 
To determine the various electrometer and PMT gains, two points were taken as 
reference points. The first was the PMT high gain value as determined using 
the methods of paragraph 7.3.2. It was felt that the methods used were valid, 
and the final results gave good percentage-point agreement for the linearity 
runs. 
The second point of reference was the electrometer feedback resistance of 
107 ohms. Confidence in this value arises from knowledge of the resistor con-
struction, its screening tests, and the fact that it is orders-of-magnitude 
lower in value than the other feedback resistors, and thus less likely to 
change value with time or environment. 
With these two points as references, gain crossover runs then establish the 
remaining values. In all cases, light intensity remains constant after being 
set to fall in the overlap region. Manual interposition of an opaque screen 
causes the instrument to auto-range, and allows comparison of the two sets of 
output readings, as follows: 
Monochromator 
1. The 2 xl09-ohm resistor value is determined by comparing 1 x 107 vs. 
2 x 109 runs, both at low PMT voltage (PMT gain does not affect this 
ratio). 
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2. 
3. 
The low PMT gain is determined by comparing 2 x 109 and low voltage 
(LoV) vs. 1 x 107 and high voltage (HiV), using the corrected 
9 2 x 10 -ohm value found in Step 1. 
The 3 x lOla_ohm resistor value is determined by comparing 2 x 109 vs. 
3 x lOla, both at low voltage, using the corrected value of the 
2 x 109-ohm resistor. 
Photometer 
1. 
2. 
3. 
Determine the 2 x 109-ohm resistor by inference to the percentage 
change seen in the monochromator channel, since the same history 
applies to both components from the same manufacturing lot. This 
assumption resulted in derived gain results consistent with other 
tes ts. 
Determine the 3 x lOla_ohm resistor value by comparing 2 x 109 vs. 
3 x lOla, both at low voltage. 
Determine the low voltage gain by comparing 1 x 107 and high voltage 
vs. 3 x lOla and low voltage, using the corrected 3 x lOla_ohm value 
found in Step 2. 
The photometer is difficult to cross-check between 1 x 107 and 
2 x 109 at low voltage due to the low gain at low PMT voltage. 
Values determined for both instruments using the foregoing methods 
are given in Section II, paragraph 2.2. 
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Figure 7-30. 
Percent Transmission, Filter 
Linearity Calibration Performance, Monochromator 
(Buffer Filter, LoV • 2x109; 100% • 1.015 V.) 
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, Figure 7-33. Linearity Calibration Performance, Photometer 
(ADC Data, Lo V = 2xl09 ; 100% • 1.173 x 10- 10 Amperes) 
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Figure 7-34. Linearity Calibration Performance, Photometer 
(ADC Data, Lo V = 3 x 1010 ; 100% = 3.72 x 10- 10 Amperes) 
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SECTION VIII 
QUALITY ASSURANCE AND RELIABILITY 
8.1 GENERAL 
The Quality Assurance Department of Beckman maintained surveillance with 
reference to the approved Quality Control Program Plan during the fabrication 
of the Engineering, P103, and F104 Instruments for the BUV, both in-house and at 
subcontractor and supplier locations. Quality Assurance assisted in setting 
up manufacturing processes for all units including handling, fabrication, and 
environment and acceptance testing. The QUality Assurance department initiated 
the Equipment Log Book which was maintained with the Engineering, P103, and 
F104 Instruments. 
8.2 METHODS USED FOR SELECTION OF HIGH-GRADE COMPONENTS 
Component parts used for the BUV P103 and F104 Instruments were selected by 
Beckman and ATC from the GSFC Preferred Parts List and from other Preferred Parts 
Lists which referenced high reliability or military part specifications. 
Parts and materials lists were submitted to the Technical Officer for review 
by the NRO and were accompanied by Beckman and ATC generated parts and 
material specifications. 
Parts were screened by following the provisions of GSFC SpeCifications S-450-
P-3, Screening of Semiconductors for the Nimbus Meteorological Satellite 
Program, and S-450-P-4, Screening of High Usage Electronic Parts for the Nimbus 
Satellite Program. Beckman Quality Assurance and Reliability monitored this 
activity and also submitted non-standard part approval requests initiated from 
both in-house and from the subcontractor. 
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8.3 FAILURE MODE AND EFFECT ANALYSIS REPORT 
Beckman Reliability performed a Failure Mode and Effect Analysis (FMEA) on the 
BUV Instrument interface. A copy of the FMEA is included in this Final 
Report. 
8.4 FAILURE REPORT SUMMARY 
Malfunction reporting was conducted in accordance with procedures given in 
Section 3.18 of GSFC Specification S-450-P-IA, Quality and Reliability 
Provisions for Nimbus D Procurements. 
Malfunctions were reported on GSFC Malfunction Report Form 4-2. The 
Malfunction Report numbers for the PI03 and FI04 Instruments are as 
follows: 
PI03: No. A-01602 through No. A-OI613, 
No. A-OI624. 
F104: No. A-01615 through No. A-OI623, 
No. A-01625 through No. A-OI631. 
8-2 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
FAILURE MODE AND EFFECT A~Aivpfp 
BACKSCATTER ULTRAVIOLET (BUV) INSTRUMENT INTERFACE 
CONTRACT NO. NAS 5-10381 
AUGUST 14, 1969 
Prepared for: 
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
Goddard Space Flight Center 
Greenbelt, Maryland 20771 
Prepared by: 
BECKMAN INSTRUMENTS, INC. 
Advanced Technology Operations 
Fullerton, California 92634 
f~JJJJJJJJJJJJJ­
I 
8-3 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
[eeckme n~ INSTRUMENTS, INC. 
Document No. _____ _ 
Prepared by: 
AasAkCbaTbCeklildvlmb~Anlkp 
·2500 HAllOl .OULEVAIC. FULLUTON. CALIFOINIA ·9263. 
17U'I7I ..... , TWX, 71.·'71.1790' TELEX, 06·7"ll 
Rev_ Rev Date. ___ _ 
Ti tie: __ F_A_IL_UR_E_-_M_OD_E_AN_D_E_F_?? "':' A~T.WJy LYS IS 
BACKSCATTER ULTRAVI01.ET (BUV' ,!'·STRtr.-r::::;T f~fTbocACb 
Prepared for: 
National Aeronautics and Space Administr3tion 
Goddard Space Flight Center 
Greenbelt, Maryland 20771 
R 'f c"AA11&) <gh~!tq Approved by:_()_rfl_:_-.... _J_g..I~ 9/9/(', 
Originator Date R&D Manager Date 
Approved by: e L.. 5 ~J_F q I q !t.9 Approved by& ~ '; If /6'7-
Project Engineer Date' QA/R Manager Date 
Approved by: '1'V\Q e~DyEDNA DlL~ihC{Approved bZ!~ 9hlf/i 
Program Manager Date IyW~anage~ . Date 
Approved by: ~~ Approved by: ___ N_/_A ___ J~~ _~ __ _ 
Documen.Control Date Contract Admin. 
~!M? 
Date 
8-4 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
[SeCkman] INS -'UMENTS. INC. \ FULLERTON, CALIFORNIA 
ADVANCED TECHNOLOGY OPERATIONS 
PAGE.2-0F--.!2. AREA CODE 714 871-4848 
FAILURE MODE AND EFFECT A~Aivpfp 
BACKSCATTER ULTRAVI'''''''::T (BUV) 
The failure mode and effect analysis (FMEA) for the Backscat~er Ultraviolet (BUV) 
instrument interface is presented on the attached Failure Effect Analysis forms. 
The FMEA performed indicates that no problems of excessive high voltage would be 
encountered at the interface for any assumed failure of the BUV instrument. 
The colu~~s on the forms, with additional explanatory statements given, are as 
follows: 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
In the column, "Item No. and Name", the interface connector, reference 
"J"t number is presented at the top of the column, followed by the pin 
numbers in sequence. The interface connectors include JI through J6. 
The column, "Assumed Failure", contains the types of possible failure 
modes that could be encountered at the BUV instrument interface. 
In the column, "Probable Cause", electrical disconnect frequently appears. 
This could be a disconnect at the connector or at any other tie-point in 
the BUV instrument. 
The columns, "Stress Margi n", ")" x 106", and "Failure Rate Source", 
were intentionally left blank as they are not required. 
The column, "Probable Effect", contains the probable effects at the 
interface equipment. 
The column, "Failure Effect Class", refers to the severity of the assumE'd 
failure. The classifications are presented for BUV instrument inputs and 
for BUV instrument outputs as follows: 
BUV instrument inputs: 
Class Al - Failure which severely degrades the supply voltage or 
eignal from the interface equipment. 
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FULLERTON, CAifcloki~ 
ADVANCED TECHNOLOGY lmb~yTflkp 
AREA CODE 714 871-4848 
Class Bl - Failure which slightly de3rades the supply voltage or 
signal from the interface equipment. 
Class C1 - Failure which has no djrect effect at the interface 
equipment. 
BUV instrument outputs: 
Class A2 - Failure which causes a complete loss of signal to the 
interface equipment. 
Class B2 - Failure which degrades the performance at the i.nterface 
such that the indication is in error. 
Class C2 - Failure which has no direct effect at the interface 
equipment. 
(7) The column, ''Remarks'' J is used for additional comments wherever deemed 
necessary. 
1--
8-6 
I 
-00 
I 
...... 
- - - - - - -
-, 
- - - - - - - - -
FAILURE EFFECT ANALYSIS 
-.-
!E:YlIIP ... ENr I Prepared bTl DATE RII:V, •• ON DATEIA .. _OVIED 8Y DATE IltEf"E"ENCES EQUIPMENT eTATU. 
BUV Inatrument, Interface Connectora R. Cramer 8/14/6 ~ N/C Normal Operation 
ITEM NO ........ e A •• U .... ED FAILURE Probllbl. Ca •• 
Stree. 
A x •• • 
FAILURE 
Falillre Rat. SoIll'C. II'ItOaA.LII: Il'fI ... II:CT I[ P"Jr£CT ..... 
.. A".IN c...,. •• 
Jl 
.l!!!... 
1 Loaa of Logic Electrical diaconnect No effect at VIP Cl 
Reference 
2 (Spare) 
3 Loaa of Primary Electricel diaconnect No effect at Power Sub- Cl 
Power Return #1 ayate. 
4 Loae of Houee- E'K'riU' ....... MC0
1 
No effect at Power Sub- Cl 
keeping Power eyate. 
Ileturn '1 
5 (Spere) I 
6 Loaa of Houae- (1) Electrical dia- (1) No effect at Power Cl 
. 
ltaepinl Power Ii. connect. SubayatelD. 
(2) Defective circuit (2) No effect at Power Cl 
in suttc In- Subayatell. 
I verter No. 1. (3) Capacitor ahorted (3) -24.5V line frOID Al 
in SUtic In- Power SubayatelD ia 
verter No.1. reduced to 0 volt. 
Voluge level 011 Capacitor leakage in -24.5V line froll Power 81 
Houaekeepinl Static Inverter No. 1 Subeyatea fa reduced. 
Power '1 de-
cr •• eea. 
-
I 
I 
-00 
I 
00 
.. 
- - -
... 
- - - - - - - - -
FAILURE EFFECT ANALYSIS 
I "U ....... Nr PrepenlJ-litl _TO: "av •• ,.,. 
. -"lA_a. DV _ftIIOO: .. O:IOO:_O:. 
BUY In.trument, Interface Connector. R.Cramer 8/14/69 N/C 
Stre.· • FA 'LoU_&: 
,'FM NO ....... Me AS.UMED "AILUM Probab1. C ..... ",A".'" ~ ••• 11'811 .... Rata Sourc. __ ~.""DCT II:P' .. CT C&.,A •• 
J1 
..!!!... 
7 Lo.. of Hou.e- (1) Electrical di.- No effect at GSE. Cl 
ke.ping Power connect. 
r.turn frOll GSE 
(2) Diode open in 
-Static Inverter 
No.1. 
e Lo.. of Pri_ry (1) Electrical di.· (1) No effect at Power C1 
Power 11 connect. Sub.y.tem. 
(2) Defective circuit (2) No effect at Power C1 
in Sutic In- Sub.y.tem. 
verter No.2. 
(3) C.pacitor .horted (3) -24.SV line from A1 
in SUtic In- Power Sub.y.tem i. re 
verter No.2. duced to 0 volt. 
Vo1uge level of Cap.citor 1e.kage in -24.5V line from Power Bl 
Primary Power Static Invert.r No.2 Sub.y.tem i. reduced. 
'1 d.cr •••••• 
9 Loa. of Primary (1) Electrical di.- (1) No effect at Power Cl 
ronr 12. connect. Sub.y.tem. 
(2) Defective circuit (2) No effect at Power Cl 
in St.tic In- Subay.tea. 
verter No.2. 
(3) Capacitor .horted (3) -24.5V line from Al 
in sutic In- Power Subay.tea i. 
verter No.2. reduced to 0 volt. 
-- - ---
-
- - - -
4 
O:QU'PMo: .. T .TA"". 
Normal Operation 
....... 
I 
I 
-~ 
-
... .. 
_ . 
- - - - - - -
- -
FAILURE EFFECT ANALYSIS 
'''''' ....... Nr 
BUV Inltrument. Interface Connectora 
Prepared 07' DAn\ .. ",yl.,OM 
R.Cramer 8/14/69 N/C 
DA,",' .. EI'E .. ENCE. DATa'r' .. _OVItD ay 
00 
I 
\0 
• n M NO. aNAMIE 
Jl 
..l!!!... 
9 (continued 
10 
11 
12 
13 (Spira) 
14 
A •• UM£D FAI","","I: 
Voltage level 
Primary Power 
decreaaea. 
ofl 
121 
Lo .. of Primary 
Power return 
froll GSE 
I 
Loaa of Primary I 
Power return 12. I 
Loaa of Houae-
keeping Power 
I return 12. 
Probable Caua. ptn.~D L... .." •• "' Fullln Rat. SoIll'C • f~A".f"I 
Capacitor leakage in ! 
Static Inverter No. 21 
(1) Electrical dia-
connect. 
(2) Diode open in 
Static Inverter 
No.2. 
Electrical diacon-
nect. 
Electrical diacon-
nect. 
I LOll of Houae- 1 (1) Electrical dil-
keaping Power 12 connect. 
(2) Defective circuit 
in Static In-
verter No. 1. 
(3) Capacitor ahorted 
in Static In-
verter No. 1. 
PWOIIA.LI: EFpaCT 
-24.SV line from Power 
Subayatem ia reduced. 
No effect at eSE. 
No effect at Power Sub-
Syate •• 
No effect at Power Sub-
Iyate •• 
(1) No effect at Power 
Subayatem. 
(2) No effect at Power 
Subay.tem. 
(3) -24.SV line from 
Power Subayatem ia 
reduced to 0 volt. 
- - -
I 
F'AILU"1[ 
I[""-CT 
CLA •• 
Bl 
, Cl 
Cl 
Cl 
C 
1 
Cl 
B 
1 
IEQU ..... C'NT .TATU_ 
Normal Operation 
a-rb 
-
5 
, 
-00 
I 
\0 
'- - -
,- ... ' _ . 
- - - - - - - -
-,' - --
FAILURE EFFECT ANALYSIS 
. -.. ~ 
. - . 
I ... " .. • ..... N' lll'l'epAl"ed bra DATIE "IEV'.'OII --lAP_.Dey _TlE'OIIE ...... OOC: •• EIIU ... MIENT STATUa 
BIN Inetrument. Interface Connectore a.Cramer 8/14/69 Nlc Normal Operation 
nna. FAILUR" 
• n ... NO .• NA .... 
..... rM~a ""'1,-,,_1: Probable Ca.e ~ ... - Pallan Rate Solll'Ce Plla.AaLIE ...... CT I[P'NCT ....... ~A ... ,N CLA •• 
Jl , 
, 
2!n... 
Voltage level Of\ Capacitor leakage in ! 9 (continued -24.5V line from Power Bl 
Primary Power #21 Static Inverter No. 21 Subayate. ia reduced. i decreaeee. I , 
10 Lo .. of Primary (1) Electrical dia- No effect at GSE. I Cl 
Power return connect. 
froll GSI 
(2) Diode open in 
Static Inverter 
I No.2. 
11 Loae of Primary I Electrical diacon- No effect at Power Sub- Cl 
; Power return #2.1 nect. Syatell. 
12 I Loo. of ...... - Electrical diacon- No effect at Power Sub- Cl 
keeping Power nect • eyata •• 
• return #2. 
13 (Spara) 
14 Loaa'of Houee- (1) Electrical dia- (1) No effect at Power C 
keeping Power #2 connect. Subeystem. 
1 
(2) Defective circuil (2) No effect at Power Cl 
in Static In- Subsystem. 
vel' tel' No. 1. 
(3) Capacitor shorted (3) -24.5V line from B 
in Static In- Power Subsystem ie 1 I vel' tel' No. 1. reduced to 0 volt. 
-
I 
t ,. 
-00 
I 
~ 
o 
.~ 
-
~ 
-
-' .- - -
....... 
- -
~ 
._----' FAILURE EFFECT ANALYSIS 
• CoIUII· ..... Nr I'repartld b71 DATI: ... VI.,ON DATa A .. _ •• ey _TIE ,"t"IlIlIlNCIl8 
BUY Inetrument, Interfece Connectore R.Cremer 8/14/69 Hlc 
In M NO ....... Me Str ••• A •• UMED P'AI&.U". Probllbl. Ca •• Ax ,.- "ail..... Rat. Solll"C. 
__ 1.Il 1l .... IlC" 
.. All.' .. 
Jl 
...!!!l.. 
14 (Continued) Voltage level of Capacitor leakage -24.5V line from Power 
Houeekeeplng In Static Inverter Subayete. 18 reduced. 
Power 12 decreee e. Ho. 1. 
I 15 Loe. of cha .. le Electrical Di.con- No effect et VIP. 
I IrClUruI. nect. 
I 
! 
-. 
- -
-.. -
6 
IlQU ..... 11 .. " S"ATUS 
Nor .. l Operetion 
~AfC.u"NfD 
':P'''CT a.a .... c..a •• 
Bl 
I 
el Hey Increeee noiee 
on Jl volteKe level. 
frOil (ntuhce 
equip .. nt to BUY. 
I 
! 
-00 
I 
..... 
..... 
- - '- - - - - -
~L_D 
- - "- - - - -
FAILURE EFFECT ANALYSIS 
I UU,l"fIo4' Hr DATE I " ..... ".NCE:. 
BUV Inltrument, Interface Connectorl 
--pre-pareOD7' DATl:I"O:VI.'ON 
R.Cramer 8/14/69 N/C 
DATO:IA .. _OVIED 8V 
• r. M NO ... NAM" 
12 
.J:!n.. 
1 
2 
I 
3 
ASSUMIED FAIL.U"C; 
1.0118 of Logic 
Ite f erence • 
T.oaa of Signs1 
;Joltsge. 
Signal Vo1tege 
decrea.e. 
Signal Voltsge 
lncre.ae. 
IJ.oIII of I ignsl 
voltage. 
Probeble Cau. Sth·1I ~ J( I •• 
I .... AN.IH 
Electricsl disconnect. 
(1) Electrical dil-
connect. 
(2) Defective House-
keeping circuit or 
temp. aenlor ckt • 
Component degradstion 
in Housekeeping 
circuit or temp. aenl(' 
ckt. 
(1) Shorted diode in 
Houaekeeping 
reguletor. 
(2) Component degradst.1on 
in Houlekeeping 
circuit or temp. 
aenlor ckt. 
(1) Electricsl diacon 
nect. 
(2) Defective Houae-
keeping circuit 
or temp".aensor 
ckt. 
Fallure Rat. SoIll"C • JIIItOIIA.LI: I: .. neT 
No effect st VIP. 
Loal of f~otor current 
limiter temp." to VIP. 
FAILU"E: 
.:,nCT 
Cl.A •• 
C2 
A2 
Insccurste D~otor current I 82 
limi ter temp." to VIP. 
(1) Inaccurate D~otor cur-\ 82 
rent limiter temp." 
to VIP. 
(2) Insccurate D~otor cur-
rent limiter temp." 
to VIP. 
Loaa of "Houling temp. 
gradient" to VIP. 
A2 
7 
E:QUIPMIEHT STATU. 
Normal Operstion 
a-rb 
(1) The reBulting 
10118 of -6.37SV 
regulation would 
slao be detected 
vis 32-18. 
-
-00 
I 
t-' 
N 
- - '- - - - - - '-> -; - -- '- - .... - '-
FAILURE EFFECT ANALYSIS 
I U\lI"""1 ... r 
BUV InBtrument, Interface ConnectorB 
Pr.pared b71 DATKI"O:Y'.'OM 
R.Cramer S/14/69 N/C 
DATo:rpPItOYO:D BY DAnt"O:P"O:"O:NCIE8 
• r. M NO . • HAMil: ASSUMI[D P'''''.UIIII[ 
J2 
-l!.!L 
3 EContinu.d~ Signal voltage 
decreaBe. 
4 
Signal voluge 
incr ••••• 
L088 of aignal 
volug.~ 
Signal volUge 
decreaBe. 
Signal voltage 
inere •• e. 
Probebl. Caus. 
Component degradation 
in HouBekeeping 
circuit or temp • 
• en.or ckt. 
(1) Shorted diode in 
HouBekeeping 
regulator. 
Str .... A" ,.-, '811111'. Rat. SoIll'C • 
IMA" •• ..I 
(2) Component degra- I 
dation in HouBe-
keeping circuit 
or temp. BenBor 
ckt. 
(1) Electrical diBc~ 
nect. 
(2) Defective HouBe-
keeping circuit 
or temp. .en.or 
ckt. 
Component degr.dation 
in HouBekeeping circuit 
or temp. BenBor ekt. 
(1) Shorted diode in 
Houaekeeping 
Reguhtor. 
....a.AIILK &fT .... CT 
In.ccur.te "HouBing temp. 
gradient" to VIP. 
(1) Inaccurate "Hou.ing 
Temp. gradient" to 
VIP. 
(2) Inaccurate "Hou.ing 
Temp. gradient" to 
VIP. 
Lo •• of "Arm temp. 
gradient" to VIP. 
Inaccur.te "Arm temp. 
gr.dient" to VIP. 
(1) Inaccurate "Arm temp. 
gradient" to VIP. 
S 
f"GUIPMI:NT STATU. 
Normal Operation 
FAILUAI[ 
~~D;Tf a-... 
82 
82 
82 
A2 
82 
82 
(1) Th;reiiu I·UnS-' 
1088 of -6.375V 
regulation would 
alBo be detected 
via J2-lS. 
(1) The reBulting 
1088 of -6.375V 
regulation would 
alBo be detected 
via J2-lS. 
-
-00 
I 
t-' 
W 
- - '- -' - - -
.. ~ 
-.-
,-
- -
FAILURE EFFECT ANALYSIS 
-- -
I ''' ... ·M. Nr 7repared b71 .... T. REV'.'OM _T.fA~_lWa DV 
-"I ".'-.IO.NC.D 
BUY In.trument. Interface Connector. R.Cramer 8/14/69 N/C 
In M NO. _NAMa: 
"' •• u .. .:i» "111.1,-,,". Stre •• Ax .0· rAILURK Probabl. C.II .. Ioot __ 'N 'allure Rate Solll'Ce ....ae ... L. IEPNCT Efl'NCT c ....... 
J2 
..l!!!... 
4 (Continu.d\. (2) Component degra- (2) Inaccurate "Arm t.mp. B2 
dation in Hou •• - gr.di.nt" to VIP. 
'!tupin, circuit 
or temp. ..n.or 
ckt. 
I 5 Lo .. of .ignal (1) Electrical di.con Lo •• of "Static Inv.rt.r A2 
. volUg •• n.ct. 11" t.mp • indication to 
i VIP. 
I 
(2) Defective Houle-
keeping circuit 01 
temp. lenlor ckt. 
Signal voltage Component d.gradatiof1 ; Inaccurate "St.tlc B2 
d.cr ••••• in Houlekeeping circu t Inv.rt.r 11" temp. indi-
or temp •• enlor ckt. cation to VIP. 
Signal vo1t.g. (1) Shorted diode in (1) Inaccurate "Stat ic B2 
iDcr ••••• Houlekeeping Inverter 11" temp. 
regu1.tor. indic.tion to VIP. 
(2) Component degra- (2) In.ccurate "Static 
dation in Hou.e- Inverter II" temp. 
keeping circuit 01 indication to VIP. 
t.mp •• en.or Ckt. 
6 (Spar.) . 
7 Loa. of aignal (1) Electric.l di.con Lo.. of "Electronic. A2 
vo1Ug •• n.ct. Module T.mp." indic.tion 
to VIP. 
(2) Defective Hou.e-
kee~lng circuit .. I 
np 'Am;; a.nanp 
- - - -
., 
fWnrf~MbkT .TATUa 
Normal Oper.tion 
"'1'IIa 
I 
! 
(1) The relultlng 
10 .. of -6.375V 
regulation would 
.1.0 be detect.d 
vi. J2-18. 
- - - -
.... 
- - - - -
.. 
- - -
- - - -
FAILURE EFFECT ANALYSIS 
• CoIU ... M. Hr 
BUV Inatrument, Interface ConnectorB 
TreparecIDY. DA Tt: l"O:v '.,ON 
I. Cramer 8/14/69 Nlc 
JTNA"~vlWa BY DAn I ~tW~oW"oWkClW • 
I ~RprMba F"AILU"E 
~J;JWJnJJJ""DN 
- . 
• rt M NO .• MAN': 
7 (Cont, .... )\",.-., volt ••• 
decreaBe. 
"'gna1 voltage 
increaBe. 
·00 
I 
t-' 
.j::-
8 LOBa of Bignal 
voltage. 
Signal voltage 
decreaae. 
Signal voltage 
Increaae. 
Probable C.ua. 
Component degrBdation 
!3tr •• j ~ x .0" 
.... A"ClIH 
in Housekeeping circu t 
or temp. BenBor ckt. 
(1) Shorted diode in 
HouBekeeping 
regulator. 
(2) Component degrs-
dstion in HouBe-
keeping circuit .1 
or temp. aenaor CLI.. 
(1) E, •• t,' •• ' ., •• o_j 
nect. 
(2) Defective Houae- I 
keeping circuit 0' t.... ,,_,0, 'Jt. 
I Component degradation 
in HouBekeeping circu t 
or temp. aenBor ckt. 
I (1) Shorted diode in 
HouBekeeping 
regulator. 
(2) Component degra-
dation in ROUBe-
keeping circuit 
or temp. aenaor cWt. 
'ailure Rate Source a-Ito.A. LI: 1:"". C T 
I InBccurate "Electronics 
Module Temp." indication 
to VIP. 
I 
F"'ILU"a: 
I: ....... CT 
Cl.,A •• 
B2 
(1) 1_000 ... " """«0-'1 " Module Temp." indicat I In 
to VIP. 
(2) Inaccurate "Electroni 82 
Module Temp." 
indication to VIP. 
Loaa of "PHT Temp." indi- A2 
cation to VIP. 
Inaccurate "PHT Temp." 82 
indication to VIP. 
(1) Inaccurate "PHT Temp.' 
indication to VIP. 
(2) Inaccurate "PHT Temp.' 82 
indication to VIP. 
10 
f£nrf~MbkT STATUS 
Normal Operation 
a.arbl 
(1) The resulting 
lou of -6.375V 
regulation would 
alao be detected 
via J2-1B. 
(1) The reBultlng 
lou of -6.375V 
regulation would 
alBo be detected 
via J2-1B. 
-
-00 
I 
I-' 
VI 
- - - - - - -
.. 
- - - - - - - - -
FAILURE EFFECT ANALYSIS 11 
• uu .. ·-". Nr 
BIN Inatru_nt, Interface Connectora 
L lTepartidD-f_ DAT"I""v'.'ON 
~cramer 8/14/69 Nlc DATI: 1"""""" HeE • aAT"r~_ls"a aY fxnrf~M~kT STATu. Normal Operation 
I rt .... NO ....... ME 
TStr •• Probablt! Caua. r Fallure Rat. Sourc. _A.LE ""'''''CT .... rka 
~JJJJJJJJ~~JJJJJJJJJ4JJJJJJ~JJJJJJJ
AS'UA4E:O P'AILU"C 
J2 
...!!!l.. 
9 
10 (Spue) 
11,l2 
13 (Spare) 
14 
LOll of aign.l 
voltage. 
Signal volt.ga 
decre.ae. 
Signal volt.ge 
inere •••• 
(1) Electrical diacon 
nect. 
(2) Defective Houae-
keeping circuit 
or temp. aenaor c~t. 
Component degradation 
in HouBekeeping circult 
or temp. BenBor ckt. 
(1) Shorted diode in 
Houaekeeping regu 
lator. 
(2) Component degr.-
dation in Houle-
keeping c:1rcuit 
or temp. .enaor ckt. 
LOBB of HOUBe- I Electrical diaconnect 
keeping referenc~. 
LOll of aignal 
voltage. 
(1) Electricll dilcon 
nect. 
(2) Defective circuit 
in sensor module I 
Loaa of "Housing ab.olute I A2 
inboard eaBting vall temp" 
indication to VIP. 
Inaccurate "Housing 
abaolute inboard calting 
vall temp." indication to 
VIP. 
(1) Inaccurate "HaUling 
ablolute inboard caat-
ing vall temp." 
indicat1onto VIP. 
(2) Inaccurate D~ouaing 
abaolute inboard caat-
ing wall temp." indi-
c.tion to VIP. 
Loaa of Houlekeeping 
Bignala to VIP. 
Loaa of D~onochromator 
high voltage" indication 
to VIP. 
B2 
B2 
B2 
A2 
A2 
(1) The relulting 
1088 of -6.375V 
regulltion would 
alIa be detected 
vi. J2-18. 
-
• 
-00 
I 
t-' 
0\ 
- - - - - - -
_I 
- -
-' - - - - - -
FAILURE EFFECT ANALYSIS 
17 
I ,,, ... -"'" H r I:QulP'MENT .TATUe 
BUY Inatrument. Interface Connactora 1 rrepared b,.1 DATI:I"I:V'.'_ a.Cramer 8/14/69 N/C JTT"J.a~~fffv _TlWf"fW~fW"fWkCfW. Nor .. l Operation 
In M NO ........... ••• UMIl'D ..... 1,-" ... 
J2 
Pin 
~lntDnuelFsignal voltage 
15 
16 
17 (Spu.) 
18 
decreaa. or in-
cr.a.e. 
Lo .. of algnal 
volt.ge. 
Signal voltage 
decre •• e or in-
cr.a.e. 
Lo.. of vir. 
.hield. 
Lo .. of algn.l 
voltage. 
Signal volt.ge 
decrea.e. 
Signal vo1t.g. 
incre •••• 
Probable Cau .. 
Component degradation 
in .en.or module. 
(1) Electric.l di.con 
nect. 
(2) Defective circuit 
in .an.or module. 
Component degr.dation 
in .en.or .odula. 
Stre., ~x I •• 
;""" ... IH 
I El.ctrical dlaconnect., 
(1) Electrical dlacon 
nect. 
(2) Defective Rouee-
keeping circuit. 
Component degradation 
in Rou.ekeeping clrcut;t. 
(1) Shorted diode in 
Rou.ekeeping 
regulator. 
"allure Rate 9olll'Ce PIIOeAeL& ....... CT 
Inaccurate D~onochrometor 
high voltage" indication 
to VIP. 
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9.3.5 Test Point Buffers 
Additional buffering by active elements is needed for isolation of sensitive 
test points. The buffers could be incorporated in a small amplifier box 
powered by the BTU and mounted on the instrument proper during bench test. 
9.3.6 Real Time Analog Readout 
Additional meters should be provided in the BTU, driven by the buffers 
discussed in Paragraph 9.3.5. Several important test parameters such as 
buffer-filter output, high voltage monitor, etc., could then be continuously 
monitored on a simultaneous basis. 
9.3.7 "Disable" Switches 
The test harness should be built to allow insertion of BTU-mounted switches 
into various control lines. These lines would include the various motor drive 
lines, high voltage and feedback control lines, etc. Much more flexible 
operation would be afforded by providing for independent control of these 
functions during test. Also, the Mini-Computer discussed in Paragraph 9.3.1 
could perform automatic modification of the instrument operating condition, 
if desired, by using remotely controlled switches. 
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Figure 9-1. External Cam Position Indicator 
9-4 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
9.3.4 External Cam Position Indicator (Mechanical) 
Various testing, adjusting, and calibration requirements revealed the need for 
continuous direct identification of the actual wavelength-cam position. 
An external dial readout should be provided for future instruments. This drum 
type dial would consist of a removable accessory with the vernier readout 
attached to a base or bracket that in turn could be mounted onto the main BUV 
housing (Figure 9-1). 
The wavelength cam shaft presently hidden under the cover of the sensor 
electronics package could be made accessible and the shaft end within the 
ball-bearing provided with a slot, that in turn would accommodate a mating 
part as continuous extension of the wavelength dial. 
The dial would represent the actual cam steps of the 12 monitor and the 7 
calibrating positions. Below the cam-step locations would be a secondary 
dial with a 360 0 scale in increments of 1/20; position and direction of scale 
to be consistent with the cam layout. 
Tied in with the cam configuration and position is the encoder. The encoder 
provides both cam position control and housekeeping information. It would be 
extremely helpful to have access to the encoder disc and/or readout to provide 
the ability for corrective adjustment between the cam and encoder. The 
encoder itself should be of a type that would provide better resolution than 
the one presently used. 
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9.3.2 
\ 
various reasons. This would allow extremely rapid evaluation of the 
effect of configuration changes and afford a means for rapid optimiza-
tion of various test setups. 
e. Control of a small line printer for producing hard copy records of 
various decoded parameters. 
f. Rapid correlation, during environmental testing, between instrument 
outputs and changes in test conditions. 
g. Complete automatic control of the instrument operating sequence. 
This would function in conjunction with the Preset Frame Counter 
discussed in Paragraph 9.3.3. 
Different PMT 
The use of sapphire as a window material in the PMT's may be undesirable, due 
either to its proximity to the photocathode or its response to energetic 
particles. A side view tube would allow greater separation between the window 
and the photocathode. A different material could be used for the present 
configuration, or a combination could be tried. This would require investiga-
tion before selection of future tubes for orbital flight. 
9.3.3 Preset Frame Counter 
A method should be provided to allow setting of the internal sequence controller 
(calibration sequencer) to any desired state. This would require only a small 
increase in the instrument digital logic elements and the addition of not more 
than ten external connections. The sequencer could then be set to any desired 
frame by manual switches or controlled automatically with the Mini-Computer 
discussed in Paragraph 9.3.1. The ten additional lines could also be used to 
detect the state of the internal sequencer at any time. 
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SECTION IX 
RECOMMENDATIONS 
9.1 GENERAL 
During the course of the BUV program, several possible improvements were 
evident. These were incorporated when not ruled out by schedule and funding 
considerations. For similar programs of the future, the following suggestions 
may be fruitful. 
9.2 SUMMARY 
Almost all items deal with bench test of the instrument, since that is the area 
requiring the greatest concentration of effort. The exception is a possible 
PMT improvement discussed in Paragraph 9.3.2. 
9.3 DETAILED RECOMMENDATIONS 
9.3.1 Mini-Computer in BTU 
II A small computer could be added to the Bench Test Unit for monitoring the 
digital output lines. Among the expanded capabilities are: 
I 
I 
I 
I 
I 
I 
I 
I 
a. Real time conversion of the instrument digital output (VIP A) to 
equivalent PMT anode or cathode current. 
b. Continuous comparison of the stripped-out status bits with the 
Digital B signals. 
c. Evaluation of internal calibration results as compared to stored norms. 
d. Performance of the calibration methods of Section VII on a continuous 
real-time basis to detect gain or dead-time variations caused by 
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8th" F'AILU"€, tit M NO. a .... M. "aaU".D ""IL.UII. Prob.tll. Ca_. A" I.' Failure RaM SoUI'C. .-.oe ..... KrnCT .: ...... CT ....... ~"".fk c ....... 
J4 
..un.. 
1 La .. of La,le ~lectrical diaconnect. No effect at VIP. 
-«>t ~efnence. 
2 Loaa of ''Deploy (1) Electrical diacon- No effect at eo.a.nd Sub- el Dlffuaer" CGII- nect. ayate •• 
lUnd. 
(2) Defective relay Kl 
in aodule 202. 
(3) Defective logic 
circuit. 
3 Loaa of l'Return (1) Electrical diacon- No effect at eo...nd Sub- Cl Oiffuaer to nect. Syate .. 
I Norul"C_nd. 2) Defective rel.., 12 
In lIOdule 202. I 3) Defective lOile 
circuit. I 
4 Loa. of "Set 1) Electricel dlacon- No effect at Ca..aad Sub-
Launch Mode" c_ nect. a,ate .. C1 
_ad. 
K!) Defective rel.y D 
in lIOdule 202. 
3) Defective tM cir-
cuit. 
-00 
I 
N 
w 
- - - - - - - - - - - - - -
FAILURE EFFECT ANALYSIS 
I U, ••• ·"". Nf PnpateCfD,.1 _n:I".VIII_ 
_'rllla_ •• I. Jftl"D~"DCeC" BUY IDltru .. nt. Interflce Connectorl I.CrI.er 8/14/69 H/c 
• rt M NO .• NAM" 
JJ 
..l!!L. 
27 
••• " .. 11:0 .. AILU .... PI'oblibl. C .... 
Loel of Dilitll I(l) Electricel dilcon-
"a" Silnll. i nect. 
(2) Defective digltll 
"a" circuitry. 
28. 29 Eppue~F 
St .... Ii A" •• 11 "all ..... Rat. SoIll'C • Ioooa"ol'" 
30 IL .. I of Dilitll 1(1) Electricil dilcon-j 
"a" 8ilDil. nect. 
(2) Defective dilitll 
"a" circuitry. 
31, 32 (8Pu.l) I 33 
34, 35, 36 
(Splr .. ) 
37 
i Loll of 811D1l. 1(1) Electricil dllcon-
nect. 
(2) Defective rellY 16 
in lIOdull 202. 
(3) Defective -6.375V 
lupply circuitry. 
Loll of chillil IElectricll dilconnlct. 
around. 
NOaA.La .: ..... CT 
Loal of ''MonochrOllllltor 
Dark Current/Wavelength 
IIOnitor" to VIP. 
Lo .. of ''Monochro .. tor 
Photo.etric Calibrlte 
_itor" to VIP. 
Loll of "POIIer rll.y 
Stltue" to VIP. 
Ho effect It VIP. 
- - -
FAILURE 
....... CT 
CL,A •• 
'2 
'2 
'2 
C2 
O:QU'_."T ITaTUI 
Nor.-l Operltion 
....... 
19 
Hay incr •• le noile on 
the lignala fro. J3 t 
the interf.ce equi,.. 
.ent. 
.-. 
-00 
I 
N 
N 
- - - - - -
.. 
- - - - - - - - -
FAILURE EFFECT ANALYSIS 
, "UII'''' .. , 
BUY In.tru .. nt, Interface Connector. 
-'-repared br' DAUI .. EV ••• _ 
I.Cr.mer 8/14/69 H/c 
DAnl .. & ... • .. .:NC •• DATEJ''''_ED .v 
.r. M NO. aNA ... 
J3 
..l!L 
20 
21 
22 
23 
A •• U .. CD P'AI&.uM 
Lo .. of Dflltal 
"B" 811na1. 
Lo .. of Dllital 
"B" 811na1. 
Lo.. of Dialtal 
"B" 81loal. 
Loa. of Diaital 
"B" 8lloel. 
Probabl. Ca •• 
I 
I 
I 
I( 1) Electt"lcal di.con-
nect. 
(2) Defective dllltal 
"B" clrcultry. 
1(1) Electrical di.con-
nect. 
I (2) Defective dilit.l 
"B" clrcultry. 
(1) Electric.l di.con-
nect. 
(2) Defective dialtal 
"B" circultry. 
(1) Electrlcal dl.con-
nect. 
;(2) Defective diaiUl 
"B" clrcuitry. 
24, 25 (8pue4) 
26 Lo •• of Di aita1 1(1) Electrical dl.con-
"B" 8ilnal. nect. 
(2) Defective dilita1 
"B" circultry. 
1" .... 3 
.... A ...... "" ,.- lI'allllre Rat. SoIll'C. P'ItOeAaL •• 'neT 
Lo.. of D~lectronic. 
c.Ub. _ltor (MSC-')" 
to VI •• 
Lo •• of "Ca. Po.iHon 
- ~ 2" to VIP. 
FAlLUIt.: 
E"P' .... CT 
C&.A •• 
'2 
'2 
Lo .. of Monochromator I '2 
.hutter. open .anitor" 
to VIP. 
Lo.. of "Phota.eter 
caUbrate _Uor" to 
VI •• 
'2 
Lo •• of "e-Ubrate inhibi~ '2 
Relay -ltor" to VIP. 
"IIU'_E .. T .TATU. 
Nor .. 1 Operatfon 
....... 
- -
18 
-00 
I 
N 
..... 
- - - - - - - - -
- - - - -
-
..... _----- -- . --. _.--.. ......... 
, "" ...... Nr rrepana D7' _n: "II:V,._ _n: A~_ffWa.v 
_TIEl "IEPIE_NCII:. 
BUV Iaatcu.ent. Interf.ce Caanectara I.cremer 8/14/69 H/C 
i 
'f.· .. NO .......... sWeat A •• UOIIED PA,...,_ 
.... 1. C .... 'A 1& •• - !Pall .... lau SoIlI'O. __ LII:II:PINer to.-.," 
J3 
...EiL 
14 Lo .. of Dillt.l (1) Electrlcal diacon- Loaa of "Pre· ~ caUbrate 
"B" Illnal. nect. Indlc.tar" to VIP. 
(2) Defectlve dillt.l 
"I" clrcultry. 
15 Lo .. of Dilit.l (1) Electrical dlacon- ~a of ' .... unch Mode lelay 
"B" 81lnal. nect. ~itor" to VIP. 
(2) Defective dilital 
"a" circuitry. 
16 Loaa of Dilital (1) Electrlcal diacoa- Loaa of ''Diffu.er Deployed 
"8" 8ilnal. nect. 1Mcm1tor" to VIP. , 
(2) Defective dilital 
"8" circuitry. 
17 Loaa of Dilit.l (1) Electrical diaoon· Loaa of ''Diffuaer letracte~ 
"8" 8ilnal. liect. Monltar" to VIP. 
(2) Defective digital 
"a" circuitry. 
18 Loaa of Digital (1) Electrical diacon- Loaa of "Cam Poait1on 
"8" Signal. nect. - 1\ I" to VIP. 
(2) Defective digital 
"8" circuitry. 
19 Loaa of Digltal (1) Electrical dlacon- toea of "Photometer Dark 
"8" 8ianal. nect. eunent Monitor" to VIP. 
(2) o.W~a~~!!~fdigitel 
" " .. , . ..;; 
- -
-.-
17 
fbnrD~Mfbkr .rAru. 
Hor.l Oper.tfon 
F'A.t.U"1: 
E ...... CT ....... CLA •• 
A2 
A2 
A2 
I 
: 
A2 
A2 
A2 
-00 
• N 
o 
- - - - - - -
- - - - - -
-
FAILURE EFFE' 
• uu .. • .... , Nr ~~parea D7' DATIt _ItV ••• OM DATlEr, .. _ItD DV _TIE J IIIt"It_NCIt. 
BUY In.tru .. nt, Interface Connector. • eramer 8/14/69 H/C 
• n M NO .• NA .... St ..... ••• U ... ED .. AI...,,,. Prvbebl. Ca •• M"".'N A" ••• !Pallu... Rate SoIll'C • PIIOeAeLK .,neT 
J3 
.!!!... 
7 Lo .. of Sianel. (1) Electric.l di.con- La.. of "IOKHa .anitor" to 
nect. VIP. 
I 
, 
(2) Defective 10KHa 
.anitor circuit. 
• La .. of Dilital (1) Electrical di.con-
La .. of "C.Ubration lamp 
''I'' Sianal. nect • on/off Indicator" to VIP. 
I 
(2) Defective dillt.l 
"B" circuitry. 
9 La .. of Dilital (1) Electrical di.con- La.. of "Pilot_tel' Shut-
"B" Slln.l. nect. tel'. Open Moniter" to VIP. 
(2) Defective diait.l 
"B" flircultry. 
10, 11 (Spare ~F 
l2 Loa. of Dilital '(1) Electrical di.con- Loa. of "Photometric caUb 
"B" Ilanal. nect. Indicator" to VIP. 
(2) Defective diait• l 
"B" circuitry. 
13 Lo.. of Diaital (1) Electrical di.con- Loa. of ''Major Frame Pube 
"I" .i,nal. nect. Data Fra .. Indicator" to 
VIP. 
(2) Defective diaital 
"B" circuitry • 
. 
or ... 
- - - -
t:QU.,..MkHY' STATU_ 
Normet Operation 
""ILU"E: 
E""'CT IeMrtaI CI..,A •• 
A, 
A2 
A2 
I 
! 
A2 
A2 
-00 
I 
t-' 
\0 
- - - - - - - - - - - - - - - - -
FAILURE EFFECT ANALYSIS 
I U ..... ·.,.. Nr 
_ftfA~_sffa .v 
BUY In.tru .. nt, Interfece Connector. 
... -a.,.nsu bTl _"-IOIIIV,.,-
R.Cremer 8/14/69 Mlc 
-TallOlI .. IIOIIIC •• 
• ,. M NO . • NAN. 
J3 
Pin 
1 
2 
3 
4 
s 
6 
.... U ... D ""'1oU0I. 
Lo.. of LOlic 
Reference. 
PftIblible C ..... 
Electrlcel di.connect. 
to •• of Dilitel 1 (1) Electric.l di.con-
"I" 81In.1. nect. 
(2) Defecttve dilit.l 
"B" circuitry. 
to .. ·of Diaitd 1 (1) Electricd di.con-
"B" 8ilnel. nect. 
(2) Defective diait.1 
"B" circuitry. 
toe. of Dilieel 1(1) Ilectric.l di.con-
"I" Sianel. nect. 
(2) Defective dilitel 
"B" circuitry. 
Loe. of Dilieel 1(1) Electric.l di.con-
"1" Siln.1. nect. 
(2) Defective dialt.1 
"B" circuitry. 
toe. of Diaie.l 1(1) Ilectric.l di.con-
''1'' Silne1. nect. 
(2) Defective dilit.l 
"B" circuitry. 
s, ...... la '.-1 "ail ..... late Sourc • [MAIII .... 1 
'* 
__ Loll ."NeT 
No effect .t VIP. 
Lo •• of "C.m po.lt1on 
-X4" to VIP. 
Lo •• of "C.m Po.it1on 
- ),8" to VIP. 
toe. of "C •• Poeition 
- A 16" to VIP. 
toee of ·~etr.ct Dlffu.er 
C-nd Monitor" to VIP. 
toe. of "Deploy DUfu.er 
C_nd Monitor" to VIP. 
FA I....,,,.: 
CP'''CT 
C&.A •• 
C2 
. A2 
A2 
A2 
A2 
A2 
15 
tWNfrD~MtWkT .TATU. 
Hormel Operetlon 
....... 
-, 
